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LINE STOPPER 
UNIT 










“ valve prior to stopping off a 10" natural 
AP Grd ] gas line. 
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" Attaching a No.4 Stopping Machine to gate J 




































, H-17440 LINE STOPPER UNIT 


For 10” and 12” Steel Pipe 
Max. Working Pressure - 500 p.s.i.at 100° F 
Max. Working Temperature - 250°F at 375 p.s.1 
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RELOCATE OR REPAIR 10” AND 
12” LINES SAFELY WITHOUT 
INTERRUPTING SERVICE 


The Mueller No.4 Line Stopper Unit makes 
it possible to completely isolate a section of 
line while continuing service through a tem- 
porary by-pass. The isolated section may 
then be repaired, removed or abandoned 
and the new line tied in. 





All stopping-off operations are accomplished 
under pressure with no blowing of gas or 
interruption of service. 








Contact your Mueller Representative, 
consult your G-97 Gas Catalog or write 
direct for complete information. 


MUELLER CO. 


Dependable Since 1857 
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MAIN OFFICE & FACTORY DECATUR, ILLINO! 
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REPAIR BROKEN MAINS 
IN 15 MINUTES! 


One-man job... any pressure... terrific economy! Not only 
splices main, but sealed gasket absorbs future traffic 
jar or frost heaving! Refer to page 8 of our new Catalog GW. 
M. B. Skinner Co., South Bend 21, Indiana. 
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SIZES 2” TO 24” INCL. 





SKINNER-SE 


SPLIT COUPLING CLAMP 
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ul LE T-SOLVAY 


I] ENGINEERING AND MAINTENANCE SERVICE 


Complete service including all technical phases from project, 
survey and design to purchasing, fabrication, and construction. 


2 EXCLUSIVE OIL GAS-MAKING PROCESSES 


Semet-Solvay Poughkeepsie Process— 
(U.S. Patent 2,700,601) 


a non-regenerative type of machine especially suited for use 








with light oil. A simple and inexpensive conversion. 
Semet-Solvay Poughkeepsie Process with Back Blast— 
(U.S. Patent 2,700,602) 
Designed and developed by Semet-Solvay, this machine insures 
satisfactory gas production on a continuous 24 hour basis. 
Because you get positive carbon removal during the regular 
cycle, you need no stand-by time for scurfing — even with oil 
as heavy as Bunker ‘'C"’. High thermal production capacity. Most 
efficient of the low cost conversions. 
Semet-Solvay Regenerative Reverse Flow Process— 
(U.S. Patents 2,605,176 and 2,605,177) 
Outstanding features are its high capacity with both low carbon 
and high carbon oils. Requires minimum man power, has fast 
start-up and ease of control. 


3 EQUIPMENT FOR THE GAS INDUSTRY 


Ammonio Recovery and Concentration Apparatus—Accumu- 
lators (Low Pressure Steam)—Blue Gas Plants—Blast Gates— 
Bunker.’'C'’ Oil Systems—Carbon Monoxide Generating Plants 
—Condensers (Tubular)—Charging Machines (Fuel)—Cooling 
Coils—De-Emulsifiers—Fuel Handling Systems—Heat  Ex- 
changers—High BTU Oil Gas Machines—tight Oil Recovery 
Plants—Mechanical Grates—Multiple Washers—Pipe and Fit- 
tings (Welded)—Producer Gas Plants—Purifiers and Trays— 
Reverse Flow Carbureted Water Gas Machines—Scrubbers and 
Grids—Tar Cameras—Tar Extractors—Washer Coolers— 
—Waste Heat Boilers—vValves (Hydraulic and Hand Operated) 
—Valves (Reversing Three-Way). 
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i SEMET-SOLVAY ENGINEERING DIVISION 


Allied Chemical & Dye Corporation 
40 Rector St., New York 6, N. Y. 
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New Cover eee 


New Boo. - - « 


Contents 


Index of Technical Data and Information 


The cover is a modernized version 
of a well known curve — the Terzian 
Factor. It aptly depicts the new con- 
cept of the handbook issue of the 
American Gas Journal, that is func- 
tional engineering data for the indus- 
try. This new face heralds a compre- 
hensive handbook compiled exclu- 
sively for the gas utility industry. Every 
effort has been made to provide you 
with the most up-to-date technical in- 
formation, streamlined into a handy 
package for easy reference. 


It is not intended that these 125 
pages should replace the weighty 
reference books used by the reader. 
Data are specialized, pertinent to 
utilities only, and are designed as a 
working tool for use in solving your 
day-to-day problems. 


Glossary of Gas Industry Terms 

Deviation of Gases From Ideal Gas Laws 
Determination of Horsepower, Torque, Etc. 

Gas Flow Formulas 

Gas Transmission and Distribution Piping Systems 
API Specifications for Line Pipe 

Storage and Handling of LPG 

Methods of Controlling Corrosion 


How to Compute Flow of Gas Through Orifice Meters 


Interchangeability of Various Gases 


It is strongly recommended that this 
handbook be kept close at hand. It has 
been field tested, found to save time 
whether in gas sales, engineering, 
manufacturing or operation. Your 


editors sincerely hope that this hand- Interest “ 


book will prove invaluable to you — as 
it has to many others. 


James A. LeVelle 
Engineering Editor 


Rapid Survey Method of Gas Requirements and Costs 


Industrial Heating Operations 


Bibliography of Technical Presentations 1954-55 
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High-pressure 
reducing valve for 
border stations — 
high-pressure regu- 
lation and industrial 
applications. 
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TYPE 29 


Full capacity relief valve for distribution 
systems where large volumes may be Low-pressure ‘sensitive industrial age 
ee, 





discharged without a substantial in- lator for inlet ure up to 5. Sibs 
crease in system pressures. For complete duced pressure WC to 1 tb. ses 
protection against excessive pressures. 3”, and 4”. 
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The Industry’ s Mo ost 


Fisher Governor Comepiatey . sade 4 ari¢ 
handle control applications ranging fror 
well head to burner utilization. Illustrat 
of the varieties of construction. 


try includes District Regulators, high, abe int 
diate re — Distribution Regulators - — House 


Regulators—Town Border Station Regu lat Dn 
Gas Regulators—Meter Run Regulators. 
ote : 
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Blowers 
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gas pumps 
Buildings 
Steel 


Communications 
Mobile Radio 15 
Radio Towers 8c 
Telephone 15 
Teletypewriter 15 
Compressors 8c 
Construction, Plant 8a 
Controllers 
Btu 140 
Pressure 144 
4 
Corrosion Control....143, 16, 132, 142 


Desulfurizers 140 
Drilling & tapping Inside Front Cover 
Cover 
E 


Earth Boring Equipment 138 
Engineering-Construction 2, 9 
Engines 8c 
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Furnaces 
Industrial ... 8a 
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Gas Cleaners 
Dust remover 
Gas Holders 


Gas Processes 

Gas Purification 
Desulphurizers 
Purifiers 

Gas Reforming 

Gas Seals ... 

Gas Utilization Equipment 


Industrial Gas Utilization 
Equipment 
Instruments 
Btu Control 
Industrial flow, liquid level, 
pressure recording 
Instruments, Safety 
Leak Alarms 
Leak Testers 
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Meters 
Diaphragms for.Inside Back Cover 
Flow 7, Back Cover 
Flow Recording 7, Back Cover 
Service 7, 136, Back Cover 
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Odorants 139 
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Odorization Units 134 
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Pipe 
Couplings 8c, 138 
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Leak Testers 

Monoxide Alarms 
Stop Cocks (see Valves) 
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CONTINUOUS RECORDING of flows and pres- 
sures in this oil refinery pipe line is 
accomplished by two American Orifice 
meters. Meters used in this installa- 


: tion are mercury manometer type. 
} MERCURY OR DRI-FLO TYPE METERS are avail- 


' able from American to handle a wide 
: range of flow and pressure require- 
ments. Series A-88 American Westcott 
Mercury Manometer shown is avail- 
able for working pressures of 1,800, 
3,000 and 5,000 psi (1,800 psi unit 
illustrated at upper right). When 
mercury manometers are not desired, 
American Dri-flo orifice meters are 
available in 20”, 50”, 100” and 200” 
ranges, working pressures to 1,000 psi. + 
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. FIRST CHOICE FOR PRECISION 
in gas measurement and control 


RELIANCE REGULATOR, Type CVBA, shown 
at left, is designed for use as a spring- 
loaded reducing regulator, motor valve 
or back pressure regulator. Normally 
available to handle inlet pressures up 
to 600 psi; can be furnished in stain- 
less steel for pressures to 1,000 psi. 





HOUSEHOLD AND SERVICE INSTALLATIONS 
2 requiring regulation of flow at lower 
pressures to 100 psi are ideally served 
by Series 1400 Regulator shown at 
right. Readily adaptable to a wide 
range of inlet pressures, these regula- 
tors have been chosen for their pre- 
cision by users the world over. 
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IRONCASE METERS in a full range of sizes 
and capacities are available from 
American. Model shown at left is 
Type 250B—handling up to 53,000 
cfh of 0.6 specific gravity gas at 250 
lb. gage pressure. Modifications of 
basic design include special dia- 
phragms for specific gases; available 
indexes to meet specific customer 
needs; tapped and plugged to permit 
attachment of recording Volume and 
Pressure Gages and other devices. 
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ORME NG Hap ot cee RAENCEE 


NEW CONCEPT IN THE ECONOMICS of gas 
metering for the home is the American 
W-60 Welded Steelcase Meter shown 
here — small, sturdy, with ample ca- 
pacity for small load applications, the 
W-60 may solve many of your most 
pressing economic problems. Write for 
a detailed discussion of its potential 
contributions to your operations. 





7 meet ote AIT LOT EU PU et PARR IE 


GENERAL SALES OFFICE: 1513 Race Street, Philadelphia * Albany 
Alhambra * Atlanta * Baltimore « Birmingham * Boston * Chicago 
Dallas * Denver * Erie * Houston * Kansas City « Los Angeles 
Minneapolis * New York * Omaha © Pittsburgh ¢« San Francisco 
- — Seattle * Tulsa 


Mi E R ICAN ay CANADA: Canadian Meter Company, Limited, Hamilton 
Te Edmonton © Calgary 


° MEXICO: Guillermo Murquia, S. A 
nf ETE mn Cc Om PANY Abraham Gonzalez, Num. 48, Mexico 6, D. F. 


VENEZUELA: Oficina Tecnica Stubbins, C. A 
Apartado Number 7, Caracas 
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GOODMAN STOPPERS 
GOODMAN.-PEDEN STOPPERS 
GARDNER-GOODMAN STOPPERS | 
GOODMAN CYLINDRICAL STOPPERS 
PLAIN RUBBER AND | 
CANVAS-COVERED GAS MAIN BAGS 
EXPANSION PLUGS. 
PIPE LINE SUPPLIES 
| 
| 





523 ATLANTIC AVENUE . BROOKLYN 17, NEW YORK 


SAFETY GAS MAIN STOPPER CO., INC. 


geteat uch ABI ati) Bia 0 ot nels 


CABLE ADDRESS: GASTOPPER N.Y. 
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WHATEVER YOUR 
GAS PLANT REQUIRES... 


GASMACO HAS IT! 








Oil Gas. Two Shell and Four Shell Regenerative 
Sets. Conversion of Water Gas Sets to Twin Gen- 
erator or Single Burner Type. 


Iron Oxide Purifiers with Valve Manifold and Cover 
Lifting Crane. Also built in high pressure design. 

















Automatic Controls, Gauge Boards, and accessories. 





Tar Dehydration Equipment. Cooling Scrubbers, Multiple Spray 
Type, with Gas Liquor Coolers. 


GASMACO has these and many other items for the gas plant, such as equipment and 

y : & ope 
processes for thermal or catalytic cracking of hydrocarbon feeds and for liquefaction, 
storage and regasification of natural gas. 


Call or write for a list of GASMACO’s complete line of equipment and services. Our engi- 
neers will be pleased to review your requirements and to prepare special designs if needed. 


THE GAS MACHINERY COMPANY Designers « Fabricators « Erectors 


Gas Plant Equipment and 
16132 WATERLOO ROAD Industrial Furnaces 


CLEVELAND 10, OHIO THE GAS MACHINERY CO. (Canada), Ltd. 


HAMILTON, ONTARIO 
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PACIFIC PUMPS, INC., Hunt 
ington Park, Calif. — Centrifugal 
pumps for refineries, power sta- 
tions, pipelines. and chemical 
plants, plunger pumps for oilwells. 





ROOTS-CONNERSVILLE BLOWER 
DIVISION, Connersville, ind.— 
Rotary positive blowers. gas pumps 
entriftugal blowers, exhausters 

Jisplacement meters 








(DECO® Magcobay 


IDECO, Dallas, Tex.—Hydrair and 
Power t 
Substructures: Sing Dual and 

ve-In Rambler Rigs: B 
wive Rotaries; Mud. Pumps 
roleum Equipment and Supplie 
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SECURITY ENGINEERING DIVISION, DRESSER-IDECO we ret 
T f lias, Tex., Wh -_ Columbus, Ohio adio an 
CORP., Houston, Tex —Magcobar )kla.—Electric and Radio Rage rhcnr wing a 0 television broadcasting towers 


and Magcogel drilling muds vity Well Logging, Koneshot stee! buildings, aircraft hangars 
and other specialized oi! well yerforating and bullet pertorat openers; reamers, casing scrapers mechanical parking garages 


Grilling fluids and chemicals ng. packers and bridging plugs and Neo-Red rubber stabilizers. electric power substations 


LANE-WELLS CO.. Los Angeles 


Rigs, Full-View Ma MAGNET COVE BARIUM Calif., Houston, Tex., Ok ah yma 


a) 


CLARK BROS. CO., Olean, New 
York—Gas turbines, engines, and 
reciprocating, centrifugal and 
axial flow compressors — gas, 
steam, electric and diesel driven, 


DRESSER 


MANUFACTURING 
BIEVEISTON 


DRESSER MANUFACTURING 

DIVISION, Bradford, Pa. — Pipe 
line couplings, pipe repair sleeves 
and clamps, weldments and forg 
ings, welding fittings, flanges, rings 


put the Dr» 


The Dresser Plus% is the extra plus value 


you get when you are served by any one of 
the Dresser Industries. Operating independ- 
ently to assure maximum individual attention 
to your specific needs, these Dresser companies 
work together to provide a versatile group of 
research, engineering and manufacturing 
services. 


Dresser pays tribute to the many achieve- 
ments of the great oil, gas and chemical indus- 
tries... achievements that call for increasingly 
high standards in field and plant equipment 
and services. Always striving to pace these 
exacting demands, Dresser constantly amplifies 


REPUBLIC NATIONAL BANK BUILDING e P. O. BOX 718 


s+ to work 


the Dresser Plus# wherever and whenever 
possible. No other single company provides the 
same broad range of superior products and 
services. Dresser equipment and services are 
the standard of comparison ...the world over! 


HNDUSTRIES, INC. 


OIL, GASSAND CHEMICAL EQUIPMENT 


DALLAS 21, TEXAS 


BASIC EQUIPMENT FOR THE OIL AND GAS INDUSTRIES 


PRINTED IN U.S.A. 





AS STANDBY FOR NATURAL GAS 


Reformed propane or oil gas enriched to 1,000 Btu/cf has gravity 
0.74 and represents higher percentage of substitution to natural gas 
(gravity 0.6) than propane-air (gravity 1.2) . . . lower fuel costs 
when heating with heavy oil. 


FEATURES 


SIMPLE CONSTRUCTION 
LOW INVESTMENT _ REDUCED HEIGHT (H APPR. ') 
NO EXPANSION JOINTS 
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LOW SPEED (V) ALLOWS 
INCREASED CONTACT TIME 
SLOW PREHEATING AT HIGH TEMP. 
PRE-DECOMPOSITION 





GOOD REFORMING 
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LOW FLUE GAS TEMPERATURE 
HIGH EFFICIENCY Low RADIATION LOSSES 
SHORT HEATING TIME FOR START 
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NO REPLACEMENT OF LONG TUBES 
EXPOSED TO STRESSES & 

LOW MAINTENANCE CORROSION 
EASY CATALYST REPLACEMENT 
EASY TO DISMANTLE 
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NORTH AMERICAN UTILITY & CONSTRUCTION CORP. 


CHRYSLER BUILDING NEW YORK 17, N. Y. 
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U.G.I. Cyclic Catalytic 
Reforming Process* 


Gas Main and Pipeline Construction 
High Btu Oil Gas Apparatus 
General Gas Plant Extensions 

Natural Gas Handling Equipment 

Carburetted and Blue Water Gas Plants 

Mechanical Generators and Chargers 
Automatic Control Machines 

U.G.I. Heavy Oil Process 
Waste Heat Boilers 
High Duty Condensers 
L.P. Gas Plant Equipment 


Producer Gas Plants 











U.G.I. CYCLIC CATALYTIC 
REFORMING PROCESS* APPARATUS 


The U.G.I. CCR. Process is a flexible, high capacity, 
economical process for reforming natural gas, L.P. gases, 
naphtha, kerosene, gas oil, and heavy oil. It has the flexi- 
bility to produce utility gases ranging from 380 to 1000 
Btu, ammonia synthesis gas, and other reformed gases to 
meet many of the requirements of the gas and chemical 
industries. 


The process has been in commercial operation for six years 
and is now in operation in 11 plants on 16 installations. 
The process is an adaptation of the efficient cyclic principle 
used for years in the production of blue and carburetted 
water gas. The operating requirements are simple. 


The investment cost is low. Installations can be made on a 
new site or in utility plants where further economies are se- 
cured through am installation adjacent to existing water gas 
equipment and through conversions of water gas sets where 
existing services are utilized to the fullest extent. 


U.G.l. GAS APPARATUS AND PROCESSES 


U.G.I. Gas Apparatus and Processes include many outstand- 
ing developments in carburetted water gas, blue gas, pro- 
ducer gas, and high Btu oil gas production. U.G.1. carbu- 
retted water gas apparatus and processes provide for the use 
of the lowest cost raw materials available to the plant, with 
high capacities and efficiencies. Full automatic operation is 
provided in the water gas and blue gas apparatus with such 
outstanding features as the U.G.I. mechanical generator, 
automatic control machine, and fuel charger. Pioneering 
work in the use of heavy oils for water gas had led to suc- 
cessful use for thermal and catalytic high Btu oil gas. For 
all these processes, efficient U.G.I. auxiliary equipment, in- 


UNITED ENGINEERS PROVIDES 
THESE FOUR SERVICES 


EXPERIENCE IN DESIGN 
United has over 70 years’ experience in 
gas industry construction. 


EFFICIENT APPARATUS 
United has pioneered major developments 
in city gas and synthesis gas production, 
catalytically and thermally. 


ECONOMICAL CONSTRUCTION 
United has large, well-organized forces for 
natural and manufactured gas 
construction work. 


EXPERIENCE IN OPERATION 
United has experienced plant operators for 
securing most efficient results from 
apparatus. 


cluding waste heat boilers, gas condensers, contact scrubbers 
and purifiers are available. 


CONSTRUCTION-INSPECTION SERVICES FOR 

GAS MAIN AND PIPELINE CONSTRUCTION 
United Engineers’ construction-inspection services for pipe- 
lines and distribution mains can supplement your distribu- 
tion department's forces during the most active part of 
your construction program. It can operate as an adjunct to 
your inspection and supervision or to handle definite por- 
tions of the construction. 


Well-qualified men of long experience are provided, who, 
in addition to being technically equipped for their work, 
are accustomed to handling and taking part in large con- 
struction operations. They are backed by a responsible 
organization with a wide construction background. 


Our services assist in bringing to your organization the lat- 
est techniques and methods of construction and give you 
assurance that the work will be carried out in accordance 
with your specifications and your high standards of secu- 
rity and safety — and at reasonable cost. 


GENERAL GAS PLANT EXTENSIONS 


Through the years, United Engineers has built up large, 
well-organized and experienced forces for handling exten- 
sions to general gas plant facilities, including gas handling 
and treating equipment, compressors, boilers, buildings and 
foundations, and additions and reinforcements to plant elec- 
tric and mechanical services. 


No matter what your project we invite you to share our 
experience and facilities as designers, constructors and con- 
sulting engineers. 


*Patents Pending 


UNITED ENGINEERS 


& Constructors Inc 
U.E.&C. (Canada) Ltd. 
New York 17. ¢ PHILADELPHIA 5 « Chicago 2 
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index to Technical Data and Information 


a 


Acidity, in soils and water, 
measurement of 
Air, composition of 
, dry and saturated, weight 
at different temperatures 
, -propane ratio vs. calorific 
value 102 
, properties, at elevated 
temperatures 
Alkalinity, in soils and water, 
measurement of 
Annuities 
API and Baumé, degrees, com- 
parison with specific gravity 
Areas and circumferences of 
circles 
Areas and volumes 
ASA code for gas transmission 
and distribution systems 
Atmospheric pressure 


Baking and cooking, com- 
mercial fuel requirements 

Barometric readings, reduction of 

Baumé and API, degrees, com- 
parison with specific gravity 

Bellamy demand-charge rate 
formula 

Bell pipe, cast iron 

Blowers, positive, and exhausters, 
power requirements of 

Brake horsepower, compressing 
natural gas 


Cc 


Carbonization, high and low tem- 

perature, products of 
Carbureted water gas made with 

heavy oil, calculation of 

Terzian factors for 100 
Carbureting oils, characteristics of 99 
Cast iron pipe, standard thicknesses 54 
Cathodic protection 71 
Circumferences and areas of 

circles 28 
Cities, U. S. and Canada, degree- 

days and minimum tempera- 

tures for 114 
Clark gas flow formula 44 
Coal, calculating heating 

value from analysis 
Coals, selected, analysis of 
Coal types, suitable for by-product 

coke ovens, analysis of 
Combustion 

, characteristics of typical 
gases 120 
, gas, constants 105 

Coke ovens, by-product, operating 

results 97 
Commercial cooking, compari- 

son of gas and electricity in 117 


10 


ompound interest tables 127 
‘ompressing air and gas 41 
‘ompressibility factors 31 
, for various gases 
onversion, One specific gravity 
to another 
onversion table, energy units 
, pressure 
, temperature 
Conversion, viscosity 
Cooking and baking, commerial, 
fuel requirements 117 
Correcting gas volume for 
pressure and temperature 37 
Correction factors, oil temperature 127 
Corrosion, methods of controlling 71 
Corrosivity, soil, test of 74 
Critical flow orifice provers 89 


D 
Degree-days and minimum tem- 
peratures, cities of U. S. and 
Canada 114 
Dehydration processes and drying 
agents, comparison of 94 
Demand-charge rate formula, 
Bellamy 
Deviation of Gases from ideal 
gas laws 
Dew point, for various fuel 


Dew points of propane, n-butane, 
isobutane, carburetted 
with air 


Diethylene glycol process 

Discount Values 

Drill sizes, Standard twist 

Drying agents and dehydration 
processes 


Economy, average, of 

industrial furnaces 
Electric and gas cooking, 

relative cost of 
Electric motors, efficiencies of 40 
Electrical horsepower 39 
Energy units, conversion factors of 22 
Engines, gas, fuel consumption of 123 
Error, percentage of, meters 87 
Exhausters and positive blowers, 

power requirements of 40 
Explosive limits of gas mixtures 

in air, calculating 111 


, of selected industrial gases 
in air 11] 


F 


Flow, approximate hourly, through 
orifice meter, methods of 
determining 86 

Flow, formulas, gas 43 


Flow, valve and fitting resistance. 45 


Flue gas dew point, average, for 
various fuels 
Foggers, oil, design and 
operation of 
Fuel consumption, approximate, 
for water heating 
, of gas engines 
, Of typical industrial 
furnaces 
Furnaces, industrial, average 
economy of 
, typical industrial, fuel 
consumption of 
Fusion temperatures, representa- 
tive, of refractories 


G 


Gas and air, compressing 
, capacity of pipe, in cfm 
with selected pressure drop and 
sp. gr. 116 
, combustion constants 105 
, compressed bhp per MMcf 42 
, engines, fuel consump- 
tion of 
. flow formulas 
, flow formula, Clark 
, flow formula, Weymouth 
, flow through orifice 
meters, instructions for 
computing 75 
. holders, telescopic wet seal 65 
, ignition temperatures and 
explosive limits in air 111 
, lines, plain end pipe for 59 
, Meters, instruction for 
proof testing 87 
, mixtures in air, aclculating 
explosive limits 111 
odorants 95 
with 
preheated, gas savings 
purification 
, requirement’ and costs, 
rapid survey method of 
, Saturated, water vapor in 
Gas Distribution piping systems 
Gas oil efficiency 
Gas Transmission piping systems 
Gases, typical, combustion 
characteristics of 
, characteristics of 
, deviations from ideal gas 
laws 
, Various, interchange- 
ability of 


H 
Handling and storage of liquified 
petroleum gases 
Heat delivery of space heating 
equipment 
Heating equipment, space, heat 
delivery of 
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Heating, industrial, operations 118 
Heating value of coal, calculating 
from analysis 97 
Heating value of petroleum oils 124 
Heating value vs. air-propane 
ratios 102 
Holders, telescopic wet seal, 
dimension data on 65 
Horsepower, per MMcf of gas 
compressed 42 
. boiler, formulas 
, brake, formula 39 
, torque, determination of 
Hot water, approximate fuel 
consumption for 
Humidity, average relative, for 
citise of U. S. 


Ignition temperatures, gas, and 
explosive limits in air 

Industrial furnaces, average 
economy of 

Industrial heating operations 

Interchangeability of various 
gases 


K 


Knoy’s formula for substitute 
gas_ calculations 
L 
Lengths, equivalent, of pipe 
fittings and valves 
Line pipe, API specifications 
Liquefied petroleum gas, NGAA 
specifications and test 
methods 
, products average 
properties of 
Liquefied petroleum gases, 
carburetted with air, dew 
points of 107 
, Vapor pressures of 106 
, Storage and handling of 66 
Liquid vaporization in propane 
tanks 110 
LP gas, see Liqueified petroleum gas 


M 
Mean pressure in pipe line 
Measure and weights, English 
, Metric 


Mechanical joint pipe for gas, 
weights of 


Mercury vacuum, absolute 
pressure 
Meters, instructions for proof 
testing 
, orifice, see Orifice meters 
Moisture content of compressed 
natural gas 


Natural gas, compressed, 
moisture content of 


. Orifice meter tables for 
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NGAA volume correction factors 37 
NGAA volume correction factors 37 
specifications and test 
methods, liquefied petroleum gas 109 
specific gravity conversion 
factors 38 


oO 


Odorants 

Oil foggers, design and opera- 
tion of 

Operating results, by-product 
coke ovens 

Orifice meter, methods of 
determining approximate 
hourly flow 

tables for natural gas 

Orifice meters, instructions for 

computing flow 


P 


Panhandle formula, gas flow 
Paraffin hydrocarbons, physical 
constants of 
Petroleum oils, analysis and physi- 
cal properties 
, heating value of 
pH measurement in soils and 
water 
Pipe capacity, gas in cfh, with 
selected pressure drop and sp. gr. 116 
Cast Iron 54 
fittings and valves, equiva- 
lent lengths of 45 
mechanical joints, weights of 63 
protection against 
corrosion 71 
protection material, con- 
siderations in selection of 71 
, for oil, gas and gasoline 
lines 59 
Power requirements, positive 
blowers and exhausters 
Present Worth factors 
Pressure conversion table 
and temperature, correcting 
gas volume for 37 
cut for single gas regulator, 
guide for determining 89 
, vapor, of selected liquefied 
petroleum gases 69 
vapor, psia 34 
Products of high and low 
temperature carbonization 96 
Proof testing gas meters, 
instructions for 87 
Propane-air ratios vs. calorific 
value 
, tanks, vaporization of 
liquid in 


Purification of gas 


Reformed gas, production for 
low, medium and high gravity 
gas_ substitutes 

Refractories, comparison of 


, representative fusion 
temperatures of 122 
Regulator, gas, guide for deter- 
mining practical pressure cut 
for single 91 
Resistance of pipe fittings to flow, 
equivalent to straight pipe 45 


s 


Safe end-points in purging opera- 
tions involving gases 111 
Service line sizes, guide for 
determining 
Soil corrosivity, test of 
Space heating equipment, heat 
delivery of 113 
Specific gravity conversion 
factors, NGAA 38 
Spitzglass formulas 
Steel sheets, gage, thickness, 
weight 
Storage and handling of 
liquified petroleum gases 
Storage of gases, deviations from 
ideal gas laws 
Substitute gas calculations, 
Knoy’s formula for 
Survey method, rapid, of gas 
requirements and costs 


T 


Tank formulas 68 
Temperature conversion table 23 
and pressure, correcting gas 
volume for s7 
, oil, correction factors 124 
Temperatures, minimum, and 
degree-days, cities of U. S. and 
Canada 114 
, representative fusion, of 
refractories 122 
Terzian factors for carburetted 
water gas made with heavy oil, 
calculation of 100 
Iwist drill sizes, standard 28 


Vv 


Valve and fitting resistance 
Vacuum, mercury, absolute 
pressure 
Vapor pressure of water 
Vapor pressures, psia 
of propane, butane and 
isobutane 
Vapor, water, in saturated gas 
Vaporization of liquid in 
propane tanks 
Viscosity conversion table 
Volume correction factors, 
NGAA 
Volumes and areas 


Ww 


Water, gallons per MMcf of gas 

Weights and measures, English 
Metric 

Welding 

Weymouth gas flow formula 
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Control of heat . . . such as is possible only with gas... 
to get the right amount, at the right time and place, is 
important in processes where heat input must be pat- 
terned to the shape of the material to be heated. 

TV-tube making is just one example where Selas Heat 
Processing is employed to improve quality and increase 
production by precisely and uniformly applying heat in 
accordance with optimum heating cycles. 

Such benefits are typical of results with Selas continu- 





ease 


ous heat processing methods . . . in glass and ceramics, 
metals, petroleum refining, chemicals, paints, printing, 
plastics, textiles . . . in fact, virtually all industries. 


Selas gas-fired heating is the key to improved efficiency 
in any heat processing operation. Selas engineers design 
equipment to help speed production, improve product 
quality and reduce manufacturing costs. 


Write for descriptive data. 


> SELAS 


CORPORATION OF AMERICA e PHILADELPHIA 34, PA. 
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POSEY IRON WORKS, INC. 


STEEL PLATE DIVISION 
LANCASTER — PENNA. 


NEW YORK OFFICE ¢ GRAYBAR BLDG. 





A Partial List of Posey Iron Products | 


Autoclaves @ Barges e Bins e Butane-Propane Tanks e Con- 
densers e@ Digesters e Dredge Hulls and Pipe e Dryer 
Shells @ Elevated Tanks (Steel and Alloy Steel) e Fabricated 
Steel Plate e Gas Holders e Kilns @ Pressure Vessels @ Re- 
torts @ Stacks e Stand Pipes e Stills e Storage Tanks (Steel 
and Alloy Steel) e Welded and Riveted Pipe e Wrought 
lron, Steel and Alloy Steel Pipe. 


Posey lron builds high 
and low pressure ves- 
sels for both liquids 
and gas. 


Posey Iron stainless clad digester is shoun mounted on 
truck enroute to user. 13’ O. D. x 40° long. 


250,000 gallon water 
tank stands 105 feet 
above ground, Sup- 
plied with water from 
wells 65 to 75 feet 
underground, 


These four stacks by Posey lron measure 23 
diameter by 192'-6" high. 


Vacuum tower for crude 
distilling fabricated 
throughout by Posey Iron 
W orks. 


Horizontal storage tanks being loaded aboard freighter 
for export. Many Posey Iron installations are overseas. 


DIVISIONS: BRICK MACHINERY e FOUNDRY e HEATING e IROQUOIS e SHIPBUILDING e STEEL PLATE 
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BLAW-KNOX gas cleaners 
thoroughly scrub gas with oil 


no screens to clog 
no cyclones to fail 




















Blaw-Knox Gas Cleaners are en- 

gineered and built to remove 

dusts of all sizes under the most 

severe operating conditions with 

an absolute minimum of atten- 

tion. There are no screens to clog 
or cyclones to errode and fail, reducing operating 
efficiency. 

Immediately upon entering a Blaw-Knox Gas 
Cleaner, dust is violently, intimately washed with 
oil. The major portion of the heavier dust particles 
are actually scrubbed from the gas during this 
initial stage. 

Remaining tiny wet dust particles are caught and 
agglomerated by a multiple baffle, primary separator. 
This separator is kept clean and operating at peak 
efficiency by continual recirculation of oil which 
washes particles down into a dust reservoir. 

Finally, the gas flows through another expansion 
separation stage and into a multiple vane extractor 
which scrubs it clean of oil mist. 

Traveling at high velocities, microscopic particles 
of pipeline dust sandblast regulators, compressor 
parts and metering devices, resulting in replacement 
costs, loss of revenue and customer ill will. Clean gas 
costs you less. So, when you buy, specify a Blaw- 
Knox Gas Cleaner and be sure that you’re removing 
dusts of all sizes. 








+ BUAMANO 


BLAW-KNOX COMPANY Buflovak Equipment Division 


1543 Fillmore Avenue « Buffalo 11, New York 
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Why tie up your money in 


communications equipment? 


When you let the Bell System furnish your com- 


You don’t tie up your money in communications 
munications, you enjoy three important advantages: 


equipment when you use Bell System facilities 


: ee This means you free this money to produce income 
1. You avoid a large capital investment. ' 


2. You don’t have to worry about maintenance 
and obsolescence. 


A Bell System communications engineer will be 
glad to survey your communication needs. His study 
3. You get the benefits of trained personnel, 


and recommendations are yours without cost or 
expert supervision, continuing analysis. obligation. Call your Bell ‘Telephone representative. 


BELL TELEPHONE SYSTEM 


TELEPHONE TELETY PEWRITER MOBILE RADIO 


TELEMETERING AND REMOTE CONTROL CHANNELS 
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Nothing is left to chance at Pipe Line Service to 
give customers uniform, high-quality protection 
How for steel pipe. All equipment used has been devel- 


oped by PLS engineers for maximum efficiency 

PRECISION and economy in cleaning, priming, coating and 
wrapping. 

EQUIPME NT Typical of the precision techniques employed is 


. the coating and wrapping operation illustrated 
Gives You More here. The pipe is propelled by positive-drive units 


F or Yo TT Mo ney which control the pase spiral movement of the 
pipe through the coating machine. This insures 
uniform lap of wrappers at all times. 

Precision equipment like this is operated by 
trained personnel inside our plants to avoid delays 
caused by weather conditions. These factors add 
up to PLS controlled service which gives you more 
for your money in pipe protection. 





PIPE LINE SERVICE CORPORATION 


Dependable Service = Pioneers in Steel Pipe Protection 
Since 1931 General Offices and Plant: Franklin Park, Ill. 


Plants at: Glenwillard, Pennsylvania; Longview, Texas; 
Corpus Christi, Texas; Harvey, Louisiana; Sparrows Point, 
Maryland and Monmouth Junction, New Jersey. 
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GLOSSARY OF GAS INDUSTRY TERMS 


A 

Absolute pressure: Gauge pressure plus atmospheric pre- 
ssure. 

Absorption: The extraction, from an atmosphere or mix- 
ture of gases or liquids, of one or more fluids, by the sub- 
stance of a porous material with which the atmosphere, gases 
or liquids come in contact. 

Adsorption: The extraction, from an atmosphere or mix- 
ture of gases or liquids, of one or more fluids, by surface ad- 
hesion to the material with which the atmosphere, gases or 
liquids come in contact. 

After-cooler: Heat exchanger used to cool gas after it has 
been compressed. 

Ambient temperature: The temperature of the air, atmos- 
phere or other fluid that completely surrounds the apparatus, 
equipment or the work-piece under consideration. 

Ampere: Practical unit of current and is that current which 
flows through a conductor having a resistance of 1 ohm and 
a difference of potential of 1 volt between its ends. 

Anode: Positive pole in an electrolytic system, such as ap- 
plied in cathodic protection; the electrode at which oxidation 
or corrosion occurs. See also Cathode and Cathodic protec- 
tion. 

Anodic coating: Protection of a metal by providing for 
preferential chemical attack through the formation of an 
electrochemical couple. A coating of zinc on steel is typical. 


B 

Back-fill: Earth which has been replaced in a ditch or 
trench after pipe or other device has been installed. 

Back-fire: An explosion that takes place when too much 
primary air is mixed with gas, forming an explosive mixture 
which, igniting from the burner, burns in the mixing chamber. 

Back-pressure: Pressure against which a fluid is flowing 
may be compounded of friction in lines, restrictions in pipes, 
valves, pressure in vessel to which fluid is flowing, hydrosta- 
tic head, or other impedient which causes resistance to fluid 
flow. 

Barometric pressure: The pressure of the atmosphere as 
determined by a barometer. 

Bell Hole: An enlarged hole dug in a trench to allow room 
for workmen to make a joint in pipe, such as caulking bell 
and spigot pipe or welding steel pipe. 

Blue Flame: Gas flame in which combustibles are com- 
pletely consumed, leaving no luminous carbon particles to 
impart yellow or orange color. 

Blue gas: Also called water gas. Made in a cyclic process in 
which a fuel bed is alternately subjected to blast of air and 
steam. 

Booster: A blower or compressor used to raise pressure or 
increase flow in a gas or air pipe line. 

Bottled gas: Liquefied petroleum gas contained under high 
pressure in cylinders, for convenience in delivering to cus- 
tomers. 

Btu: One British thermal unit, or Btu, is 1/180 of the heat 
required to raise the temperature of one pound of water from 
32° to 212° F, a rise of 180° F. 

Btu per cubic foot: A measure of the heat available or re- 
leased when one cubic foot of a gas is burned. 

By-product coke oven plant: A plant primarily for pro- 
duction of coke in which the gas produced is of secondary im- 
portance and hence a by-product. 
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C 

Cap. A cup-shaped fitting placed on the end of a pipe to 
seal the pipe, usually threaded on the inside and screwed over 
end of pipe. Also, the act of placing a cap on a pipe. 

Carbonization: Driving off volatile components of coal by 
the application of heat, leaving carbon behind. 

Carbureted water gas: Also called carbureted blue gas, 
it is the result of enrichment of water gas by adding oil gas, 
natural gas or similar hydrocarbon. Generally, carbureted 
water gas is made to have a heating value of 525 to 550 Btu 
per cubic foot. 

Catalytic cracking: The decomposition or breaking down of 
oil or hydrocarbons through the action of a catalyzer. 

Cathode: The negative pole in an electrolytic system, such 
as applied in cathodic protection; oxidation, or corrosion, 
does not occur at this electrode. 

Cathodic protection: A method of preventing the corrosion 
or deterioration of underground pipe and connected equip- 
ment, through the control of electrolysis. 

City gate: The point or measuring station at which a dis- 
tributing gas utility receives gas from a natural gas pipe line 
company. 

Coal gas: Also called coke oven gas; it is manufactured by 
destructive distillation of bituminous coal in a gas retort or 
by-product coke oven. 

Cock: A type of valve in which a tapered plug with a per- 
pendicular hole through it is set into a tapered hole in the 
body of the valve. Holes are drilled through opposite sides of 
the body to line up with the hole in the plug. 

Coke: The remaining hard porous substance left after coal 
gas has been removed from bituminous coal. 

Combination utility. A utility that supplies gas and, gen- 
erally, electricity to consumers. 

Combustible gas indicator: An instrument designed for the 
detection of the presence of combustible gases in an atmos- 
phere. 

Combustion products: Also referred to as products of com- 
bustion, these are the unconsumed or remainder of a fuel 
after combustion; in gas combustion, generally, the combus- 
tion products are flue gases and water vapor. 

Condensate, condensation: Condensate is the liquid result- 
ing when a vapor is converted by cooling or application of 
pressure. Condensation is the liquid accumulating on cold 
surfaces in contact with moist vapors. 

Conductivity: The rate at which a material permits heat to 
pass through it, expressed in Btu per hour, per square foot of 
surface, per foot or inch of thickness, with a 1 F tempera- 
ture difference across the thickness. 

Cubic foot, standard: The volume of gas saturated with 
water vapor which at 60° F and a pressure of 30 inches of 
mercury occupies one cubic foot. In the natural gas industry, 
generally, gas volumes are calculated on a dry basis at 60° F 
and a specified base pressure. 

Curb cock: A shut-off valve in a gas service line, usually 
between the curb and the consumer’s property line. 

Customer density: Number of customers in a given unit of 
area or on a given length of distribution line. 


D 
Daily average send-out: The total volume of gas delivered 
for a period of time divided by number of days in the period. 


Daily peak: The maximum volume of gas delivered in any 
one day. 
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Degree day: A term used to express the intensity of the 
heating season. It is the difference between 65 F and the daily 
mean temperature. The sum of these differences for every 
day of the heating season is the total degree days. 

Dehumidification: The process of reducing the water 
vapor content of air or gas. 

Dehydration: In general, the process of removing water, 
in all its forms, from solids or fluids . 

Demand: The volume per unit of time at which a cus- 
tomer uses gas, averaged over a period of time. 

Distribution company: A gas utility company that obtains 
its major gas operating revenue from retail gas sales to ulti- 
mate consumers. 

Distribution losses: The amount of gas lost through leak- 
age or condensation in delivering gas to customers through 
pipe lines. 

Distribution system: The mains, service piping and equip- 
ment operated by a distribution company to deliver gas from 
local points of supply or manufacture to the customers’ 
meters. 

Drip: A low collection point installed in a gas line to which 
liquids, such as condensation, tend to flow and from which 
they cannot return to the pipe, but are discharged auto- 
matically or drained by a manually-operated valve. 


E 

Easement: A formal permission granted by landowners for 
laying and maintaining a gas pipe line. 

Enrichment: The process of mixing a gas that has a rela- 
tively high heating value with another gas that has a lower 
value to raise the value of the latter gas. 

Explosion head: A term applied to a protective device that 
is arranged to blow out a disk, usually, if an air-gas mixture 
explodes in a piping system. 

Explosive limit: The high and low proportions of air-gas 
mixtures within which the mixtures are explosive when 
ignited. 

F 

Feed points: Connections between gas feeder lines and dis- 
tribution networks in local gas distribution. 

Filter: A mechanical means of removing solid materials 
from a liquid or gas; so constructed that the fluid passes 
through the filter and the solids are held back. 

Fire valve: A safety valve installed at the inlet of gas meters 
set inside buildings and so designed that the gas supply will 
be shut off when the valve is heated to a certain temperature. 

Fixation, fixing: The application of heat to transform an 
oil vapor into a gas. 

Flame front: The base of a flame at which combustion 
starts. 

Flash back: The burning of gas in the mixing chamber of 
a burner, or in a piping system, due to an excess of primary 
air or to slowness of gas flow. 

Floating flame (flame blow-off): A fiame that burns above 
the burner tip with a section of unburned gas between; 
caused by too great a gas velocity out of the burner tip. 

F.O.T. efficiency: Fuel-oil-tar efficiency. The efficiency of a 
carbureted water gas plant, measured as the ratio of the 
heating value of the gas and tar produced to the heating 
value of the fuel and oil consumed, per unit volume of gas 
produced. 

Foul gas: Unpurified manufactured gas. 

Fuel value: A measure of the amount of heat available from 
the combustion of a unit weight or unit volume of a fuel. 
Usually expressed as Btu per pounds or per cubic foot. 

Fuel-automatic cut-off protection: An automatic control 
on a gas-using appliance which shuts off the gas to the unit if 
the pilot light flame goes out. 


G 
Galling: The peeling or stripping of pipe threads 
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Gang pusher: A supervisor in charge of a work gang. 

Gas bag: A gas-proof, inflatable bag which can be inserted 
in a gas pipe and inflated to seal off the flow of gas in the pipe. 

Gas conditioning: The removal of objectionable constitu- 
ents and addition of such desirable constituents as odorants, 
water vapor and fogging oil. 

Gas gravity: The ratio of the weight of volume of gas to 
the weight of an equal volume of dry air both volumes being 
measured at the same temperature and pressure. 

Gas holder: A gas-tight shell for gas storage. 

Gas hydrate: An objectionable frost-like formation that 
occurs when natural gas containing water vapor is subject to 
pressure. 

Gas scrubber: Equipment for washing objectionable im- 
purities and foreign substances from gas. 

Gas service: The general term for serving the customer 
with gas; also, the pipe connection from a distribution gas 
main to a customer’s meter. 

Gasification: The conversion of another fuel into gas or 
the extraction of gas from another fuel. 

Girbotol process: Removal of carbon dioxide and hydro- 
gen sulfide from gas by washing with an amine solution. 

Governor: Any device that controls the limits of an operat- 
ing variable of a machine or process. In gas operation, a gov- 
ernor which maintains a predetermined level of pressure in 
a gas piping system is also called a regulator. 

Gravity API: American Petroleum Institute index of weight 
of a unit volume of a liquid at 60 F. 


141.5 
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H 

Heat of vaporization: The heat lost or gained in a substance 
passing from a vapor to a liquid or a liquid to vapor, with no 
change in temperature. 

Heat transfer co-efficient. The quantity of heat transferred 
through a unit area of a material, in a unit of time and per 
unit of temperature difference between the two sides of the 
material. 

High Btu oil gas process: A manufactured gas process in 
which oil is converted into a fuel gas having a higher heating 
value than that of coal gas or carbureted water gas. Often 
called Hi-Btu. 

High-Low: A term for a type of heater control in which 
the main burner flame turns to a low position instead of go- 
ing out when the controlled high temperature has been 
reached by means of the high flame. 

Holiday: A break in the anti-corrosion coating of a pipe 
line, which leaves bare pipe exposed. 

Humidifier: A mechanical means of increasing the relative 
humidity to a preset percentage in a closed chamber by in- 
jecting water vapor in air. 
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i 

Ignition temperature: The temperature at which a com- 
bustible substance will start to burn and continue burning with 
a normal supply of air. 

IHuminants: The group of hydrocarbons in a manufactured 
gas, such as ethylene and benzene, which burn with a lumi- 
nous flame. 

Illuniinating gas: Natural or manufactured gas burned in 
a jet with a deficiency of primary air to produce a luminous 
flame for lighting. 

Injection tube: A tube with a venturi throat which leads 
from the primary air port and gas orifice of a gas burner to 
mixing chamber and burner ports. 

Insulating material: Any material of low thermal conduc- 
tivity used to reduce the flow of heat. 


J 


Joint: A single length of pipe or tubing. A connection be- 
tween two lengths of pipe. 
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K 

Kelvin scale: A temperature scale based on the average 
kinetic energy per molecule of a perfect gas and having zero 
on the scale at 273.8 degrees below zero, Centigrade. 

Kilogram-calorie (KC): The amount of heat necessary to 
increase the temperature of a kilogram of water one degree 
Centigrade. 

Kilowatt: A unit of electrical energy equivalent to 1,000 
watts, or approximately 1% horsepower. 


L 

Lagging: Asbestos and magnesia plaster used on process 
equipment and piping as a thermal insulation. 

Lay in: Place a pipe line in its ditch. 

Leak clamp: A clamp used to press a gasket against a 
leaking section of pipe or pipe joint to seal the leak. 

Leduc’s rule: The volume of a gas mixture is equal to the 
sum of the volumes that would be occupied by each of the 
components of the mixture if at the temperature and pres- 
sure of the mixture. 

Line fittings: Fittings used in piping to change the direc- 
tion of the pipe line or divide the flow between two or more 
pipes; include elbows, tees, crosses and y’s. 

Liquefied petroleum gases: LP gases or LPG petroleum 
hydrocarbons of the paraffin series, normally gaseous, such 
as propane, butane, and iso-butane, but which can be com- 
pressed to liquid form. 

Load: The rate of gas utilization per unit of time for a given 
system or point in a system. To load a governor means to set 
the governor to maintain a given pressure at that point as the 
rate of gas flow through the governor varies. 

Load center: The geographic center for all gas loads of a 
specified system or area. 

Load density: The concentration of gas load for a given 
area expressed as gas volume per unit of time and per unit 
of area. 

Load factor: The ratio of the average volume of gas trans- 
ported by a gas system, or segment of that system, during a 
specified time interval to the maximum volume transported 
during a comparable time interval. Load factors may be 
hourly, daily, weekly, monthly or annual. 


M 

Main extension: Gas mains added to an existing distribu- 
tion system to serve new customers. 

Manufactured gas: A combustible gas mixture produced 
synthetically in a gas plant and used as a fuel; also called 
city gas. 

Meter books: Books in which successive readings of utility 
customers’ meters are recorded by gas utility meter readers. 
The difference between successive readings is the gas con- 
sumption for the period. 

Meter Density: The number of meters per unit of area or 
per unit length of distribution main. 

Meter prover: A device for testing the accuracy of a gas 
meter. 

N 

Natural gas: Combustible gaseous hydrocarbons occurring 
naturally in the earth’s formations and formed in past geolo- 
gic ages. 


o 

Oakum: Shredded hemp fibers used to caulk or fill joints 
such as in bell and spigot pipe; oakum may be dry or satu- 
rated with tar or oil. 

Odorant: Substance giving a readily-perceptible odor at 
low concentrations in the material into which it is mixed and 
used as a warning sign of the presence of the material, such as 
natural gas. 
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Off-peak: The period during a way, week, month or year 
when the load being delivered by a gas system is not at or near 
the maximum volume delivered by that system. 

Ohm: Practical unit of electrical resistance and is equal 
resistance through which the fall of potential is 1 volt when 
the current strength is 1 ampere. 

Oil fogging: Spraying a fine mist of oil into a gas stream of 
a distribution system to avoid the usually drying effect of gas 
in certain distribution and utilization equipment. 

Oil gas: Gas produced by cracking a vaporized oil and 
fixing the vapors into a permanent gas at ordinary tempera- 
tures and pressures. 

Oil reforming: Step in producing carbureted water gas 
in which a fraction of the carburetion oil is cracked to useful 
gas in the water gas generator. 

Orifice meter: Meter for measuring flow of fluid through 
a pipe or duct by measurement of the pressure differential 
across a plate having a precisely-cut hole in its center. 

Orsat analyzer: Apparatus used to measure the quantitative 
amounts of carbon dioxide (CO,), oxygen (O) and carbon 
monoxide (CO) in a gas. 


P 

Pascal’s law: A pressure exerted on a confined liquid is 
transmitted in all directions throughout the liquid. 

Peak shaving. Supplying gas to a system from an auxiliary 
source, during periods of maximum demand, to reduce the 
load or demand on the primary source of supply. 

Perfect gas: Any gas which conforms to Boyle’s Law under 
wide variation of conditions, such as a gas in which the prod- 
uct of the absolute pressure, P, times the specific volume, v, 
divided by the absolute temperature, T, equals a constant, 
R. wh = § 

I 

»H number: A numerical designation of the degree of al- 
kalinity of acidity of a substance. A ,H number of 7 denotes 
neutrality, numbers greater than 7 denote increasing alkalin- 
ity, numbers decreasing from 7 denote increasing acidity. 

Pig: Cleaning device which is sent through a pipe line to 
scrape and brush foreign deposits, rust and dirt from the in- 
side surface of the pipe; also called a go-devil. 

Plenum chamber: Gas or air chamber under pressure and 
connected with one or more distributing ducts. 

Pressure loader: Device in which the rate of gas flow con- 
trols the operation of a pressure governor. 

Pressure regulator: Device which maintains a constant 
pressure in a fluid flow line, less than its inlet pressure, re- 
gardless of the rate of flow in the line. 

Pressure survey: An investigation of gas pressures in var- 
ious parts of a distribution system to insure that the pressure 
is adequate in all parts of the system for proper gas service. 

Producer and producer gas: Machinery and equipment for 
burning or combustion of coal or coke with an insufficient 
supply of air to form producer gas which consists largely of 
carbon monoxide. 

Production period: Period in water gas production in which 
steam is blown over the incandescent fuel bed to produce 
water or blue gas. 

Purge: To thoroughly clean a pipe line or piece of equip- 
ment so that all the material it contained is removed. 


Q 
Quenching tower: An elevated water tank under which 
cars of hot coke can pass and have water sprayed on them to 
cool the coke. 


Rate of flame propagation: The speed of flame-travel in an 
inflammable gaseous mixture of fuel and air. 
Refrigeration ton: 200 Btu per minute of heat removal. 
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Regeneration: A unit of a coke oven plant containing two 
sections, each containing brick checker-work. Hot flue gases 
are passed alternately through the sections to heat the brick, 
after which the air to burn the producer gas is passed over 
the brick to preheat the air. 

Relative humidity: The ratio of the volume of water vapor 
in the atmosphere to the volume the air would hold if com- 
pletely saturated at that temperature. Usually expressed as a 
percentage. 

Relief valve: A valve designed to quickly reduce the pres- 
sure-differential across it when such differential exceeds the 
predetermined maximum. 

Rich gas: The relatively-high heating value gas that is made 
in the first part of the carbonizing period in a coke oven or 
coal gas retort. 

Riser pipe: A straight vertical run of pipe. 

Rotary displacement meter: A positive-pressure blower 
used as a meter in which gas pressure turns the blower and 
the quantity of gas passing through is proportional to the 
number of revolutions. 

Rpm: Revolutions per minute. 


$s 

Saddle: A fitted plate, held in place by clamps, straps or 
welding, over a hole in a gas main, and into which a branch 
line or customer-service connection is screwed. 

Safety cut-off pilot or valve: An automatic valve controlling 
the flow of gas to an appliance burner and so arranged that 
the gas supply will be shut off if the pilot-flame goes out for 
any reason. 

Service cock: A small plug valve located just ahead of a 
gas meter and used to shut off the gas flow to the meter and 
the customer’s piping. 

Service connection: The connecting piping between a gas 
main and the customer’s meter. 

Service tee: A tee in a customer’s service piping with one 
leg closed and used for access to the service pipe in case of 
plugging with solids. 

Slippage: The extent to which a meter registers less than 
the correct volume passing through the meter. 

Soft flame: A gas flame with a relatively small amount of 
primary air. 

Specific gravity: The ratio of the weight of a unit volume 
of a substance to the weight of the same volume of a reference 
substance, both at specified physical conditions. 

Specific heat: The heat required to raise a unit mass of a 
substance through a degree of temperature difference. 

Specific volume: The volume of a unit weight of a sub- 
stance under specific conditions of temperature and pressure. 

Specific weight: Weight per unit volume of a substance. 

Sponge: A mixture of iron oxide and wood shavings for the 
removal of hydrogen sulfide from manufactured gas. 

Spud: The small plug, with an orifice through it, which 
admits gas into the mixing chamber of a burner. 

Stack loss: The flue gas loss; the sensible heat lost up the 
chimney in the dry flue gas; the sensible and latent heat of 
the water vapor contained in the flue gas. 

Standard conditions: The basic temperature and pressure 
for measurement of gas volumes: 14.7 pounds per square 
inch (30 inches of mercury column) and 60 degrees F. 

Standard metering base: Standard conditions, plus agreed 
corrections, to which all gas volumes are corrected for pur- 
poses of comparison and payment. 

Sutherland law: Expresses the viscosity coefficient to a gas 
in terms of its absolute temperature. 

Swing connection: The combination of a street tee and a 
street ell which will swing up or down slightly for aligning 
with surface pipe and absorbing traffic viberations. 
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T 

Temperature: Basically the degree of heat above absolute 
zero. A measure of the quantity of heat contained in a sub- 
stance. 

Terzian factor: A factor based on the amount of oil and 
fuel used and the heating value of gas produced, to compare 
operating results of carbureted water gas plants. 

Theoretical air: The chemically-exact volume of air neces- 
sary for the complete combustion of a specific amount of a 
fuel. 

Therm: A quantity of heat equal to 100,000 Btu. 

Thermostat: An automatic device which controls the tem- 
perature at its location by actuating and stopping the de- 
vices that supply fuel to the heating equipment. 

Ton: A unit of weight equal to 2,000 pounds. 

Turbulence: A condition of fluid flow in which the move- 
ment of a given particle of the fluid is constantly changing 
both in direction and velocity. 


U 

U-gauge: A U-shaped glass tube containing water or mer- 
cury and used to measure small pressures or presusre differ- 
ences. One side of the U is connected to the pressure source 
and the other side left open or connected to another point in 
a system. 

Underground storage: The storage of gas, natural or LP, 
in natural underground reservoirs at a different location from 
which it was originally produced. This is done for more effici- 
ent utilization of pipe lines and more economic deliveries to 
markets. 

Up run: The part of the blue (water) gas production cycle 
in which steam is blown upwards through the generator. 


Vv 

Valve control: A fuel-air ratio control system which op- 
erates by means of mechanical linkage of related valves. 

Venturi meter: A fluid-flow meter in which the rate of 
fluid-flow is determined by measuring the pressure drop 
caused by the flow of the fluid through a Venturi throat or 
tube. The pressure drop across the tube is proportional to the 
fluid flow rate. 

Volatility: The relative ease with which a liquid can be 
vaporized. 

Volt: Measure of electrical “pressure” or electro-motive 
force. Mathematically, it is the product of electrical resistance 
and electrical current. Volt = Resistance x Current. 


w 

Waste gas: The gaseous combustion products, such as 
carbon dioxide and nitrogen, which leave the combustion 
zone and are discharged to the surrounding atmosphere. 

Watt: A practical unit of power and is produced when 1 
ampere flows under an electromotive force of 1 volt. 

Welded pipe: Skelp shaped into tubular form and welded 
along the edges to form a tube or pipe. 

Wet bulb temperature: Temperature indicated by a ther- 
mometer having a water-saturated wick surrounding the bulb. 

Wet drum meter: A large-capacity gas meter consisting of 
a cylindrical drum mounted to revolve inside a shell half- 
filled with water. 


Working pressure: The pressure at which a piece of equip- 
ment normally operates. 


x 
Xylene: A coal tar derivative, higher boiling and slower 
evaporating than benzine or toluene. 


Zz 
Zero gas: Gas at atmospheric pressure. 
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1000 mils 
12 inches 
3 feet 
5280 feet 
4 inches 
9 inches 
2\% feet 


161% feet or 51% yards 
1 knot or nautical mile 


English 
Length 


inch 
foot 
yard 
mile 
hand 
span 
pace 


1 rod 
6080.26 feet 


lg league 


7.92 inches = 1 link 


25 links 


100 links or 66 feet or 4 rods 


10 chains 
8 furlongs 


144 square inches 
9 square feet 

3014 square yards 
160 square rods 


640 acres 


625 square links 
16 square rods 
10 square chains 


640 acres 


36 square miles 


1728 cubic inches 
27 cubic feet 

128 cubic feet 
2434 cubic feet 


24 grains (gr.) 
20 pennyweights 


12 ounces 


Centimeter 
Meter 

Meter 
Kilometer 
Kilometer 
Inch 

Foot 

Yard 

Statute mile 
Nautical mile 


Square centimeter 
Square meter 
Square meter 
Hectare 

Square kilometer 
Square inch 
Square foot 
Square yard 

Acre 

Square mile 


Cubic centimete1 
Cubic meter 
Cubic meter 
Cubic inch 
Cubic foot 
Cubic yard 
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1 rod 
| chain 


= | furlong 
= 1 mile 


Surface 
square 
square 
square 
acre 
square mile 
square rod 
square chain 
acre 

square mile 
township 


_ 


toot 
yard 
rod 


Volume 

1 cubic foot 
l eubie yard 
l cord 

1 perch 


Troy Weight 

1 pennyweight (dwt 
= 1 ounce (0z.) 
= 1 pound (Ib.) 


Metric 


Length 

= 0.3937 inch 

- 3.28 feet. 
1.094 yards 
0.621 statute mile 
0.5396 nautical mile 
2.540 centimeters 
0.305 meter. 
0.914 meter. 
1.61 kilometers 
1.853 kilometers 


Area 

0.155 square inch 
10.76 square feet. 

1.196 square yards 
2.47 acres. 

0.386 square mile 
6.45 square centimeters 
0.0929 square meter 
0.836 square meter 
0.405 hectare. 

2.59 square kilometers 


Volume 
0.0610 cubic inch 
35.3 cubic feet. 
1.308 cubic yards 
16.39 cubic centimeters 
0.0283 cubic meter 
= 0.765 cubic meter 


Units 


Avoirdupois Weight 


16 drams (dr.) 
16 ounces 
25 pounds 
4 quarters 


1 ounce (0z.) 

1 pound (ib.) 

1 quarter (qr.) 

1 hundred weight (ewt 


20 hundred weight (2000 pounds) 


= 1 ton (T.) 


Apothecaries’ Weight 


20 grains (gr.) 
3 scruples 

8 drams 

12 ounces 


1 scruple (sc.) 
= | dram (dr.) 
= 1 ounce (0z.) 


= 1 pound (lb) 


Dry Measure 


2 pints (pt.) 
8 quarts 

$ pecks 

36 bushels 


1 quart (qt.) 

1 peck (pk.) 

1 bushel (bu.) 

1 chaldron (ch.) 


Liquid Measure 


+ gills (gi.) 
2 pints 

4 quarts 
31% gallons 
63 gallons 


1 pint (pt.) 

1 quart (qt.) 

1 gallon (gal.) 

1 barrel (bar.) 

1 hogshead (hhd.) 


Apothecaries’ Fluid Measure 


60 minims 


1 fluid-drachm 


8 fluid-drachms = 1 fluid-ounce 
16 fluid-ounces = 1 pint 


8 pints 


1 gallon 


Circular Measure 


60 seconds ‘tae 
60 minutes 
30 degrees 


12 signs, or 360 degrees 


Units 


Milliliter 

Milliliter 

Liter 

Liter 

Liter 

Dekaliter 
Hectoliter 

J. S. liquid ounce 
apothecaries’ dram 
. liquid quart 
dry quart 

. liquid gallon 
eck 

yushel 
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Gram 

Gram 

Gram 

Gram 

Gram 

Kilogram 

Kilogram 

Metric ton 

Metric ton 

Grain 

U.S. apothecaries’ scruple 
U.S. apothecaries’ dram 
Avoirdupois ounce 

Troy ounce 

Avoirdupois pound 

Troy pound 

Gross or long ton 

Short or net ton 


1 minute (’) 

1 degree (°) 

= | sign (s) 

1 circle (cir.) 


Capacity 

= 0.0338 U.S. liquid ounce. 
= 0.2705 U.S. apothecaries’ dram, 

= 1.057 U.S. liquid quarts. 
0.2642 U.S. liquid gallon. 
0.908 U.S. dry quart. 
1.135 U.S. pecks. 

2.838 U. 8. bushels. 

29.57 milliliters. 

3.70 milliliters. 

= 0.946 liter. 

1.101 liters. 

= 3.785 liters. 

= 0.881 dekaliter. 

0.3524 hectoliter. 


Weight 
15.43 grains. 

0.772 U. S. apothecaries’ scruple. 
0.2572 U.S. apothecaries’ dram 
0.0353 avoirdupois ounce. 
0.03215 troy ounce. 

2.205 avoirdupois pounds 

2.679 troy pounds. 

0.984 gross or long ton 

1.102 short or net tons 

0.0648 gram. 

1.296 grams. 

3.89 grams. 
= 28.35 grams. 
= 31.10 grams. 
= 0.4536 kilogram. 
= 0.373 kilogram. 
= 1.016 metric tons 

0.907 metric ton 


= 
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Temperature Conversion Table 





10 30 40 50 60 70 


F . . F > F 
364 38: 100 136 
166 - 220 238 256 292 


+14 yy 40 oD! 76 112 
50 is ) 104 2: 140 5! 176 


100 : 230 24: 266 284 302 320 356 
200 39% 110 28 146 164 {82 500 518 536 
300 575 590 05 626 644 662 680 19! 716 


400 75% 770 8) 806 $24 842 860 87! 896 914 
500 932 950 968 986 1004 1022 1040 BY, 1076 1094 
600 r 1130 be 1166 1184 1202 1220 235 1256 1274 


700 2 1310 32! 1346 1364 1382 1400 : 1436 1454 
800 y 1490 50! 1526 1544 1562 1580 59! 1616 1634 
900 ny 1670 ite 1706 1724 1760 8 1796 IS14 


1000 832 1850 86! 1886 1904 922 958 1994 


1100 2 2030 2066 2084 
1200 219% 2210 2228 2246 2264 
1300 237% 2390 2408 2426 2444 


1400 255% 2570 2588 2606 2624 2642 2660 2678 2696 2714 
1500 2733 2750 2768 2786 2804 2822 2840 2858 2876 2894 
1600 2912 2930 2948 2966 2984 3005 3020 303! 3074 


1700 3092 3110 3128 3146 3164 318: 3200 321! 3236 3254 
1800 3272 3290 3308 3326 3344 3365 3380 33! ‘ 3434 
1900 345! 3470 3488 3506 3524 3545 3560 3578 3596 3614 


2000 363% 3650 3668 3686 3704 372% 3740 375! 3794 


2100 3830 3848 3866 3884 3920 3956 3974 
2200 1010 41028 41046 1064 $100 4118 1136 1154 
2300 $190 $208 $226 1244 $280 1298 1316 4334 


2400 30% 1370 1388 1406 $424 $460 4478 1496 $514 
2500 533 1550 1568 1586 1604 1640 1658 4676 1694 
2600 1730 4748 1766 1784 1820 4838 1856 1874 


2700 4910 4928 4946 1964 5000 5018 5036 5054 
2800 5090 5108 5126 5144 5180 5198 5216 5234 
2900 5270 5288 5306 5324 53 5360 5378 5414 


3000 543: 5450 5468 5486 5504 552% 5540 5558 5976 5594 


3100 5630 5648 5666 5684 5720 5738 5774 
3200 5792 5810 5828 5846 5864 5882 5900 5918 5936 5954 
3300 5972 5990 6008 6026 6044 6062 6080 6098 6116 6134 


3400 6152 6170 6188 6206 6224 6242 6260 6278 6296 6314 
3500 6332 6350 6368 6386 6404 6422 6440 6458 6476 6494 
3600 6512 6530 6548 6566 6584 6602 6620 6638 6656 6674 
3700 6692 6710 6728 6746 6764 6782 6800 6818 6836 6854 
3800 6872 6890 6908 6926 6944 6962 6980 6998 7016 7034 
3900 7052 7070 7088 7106 7124 7142 7160 7178 7196 7214 


Cc 0 10 20 30 40 50 80 90 





Examples: 1347° C = 2444° F +12.6° F = 2456.6° F. 3367° F = 1850° C + 2.78° C 


Bureau of Standards—M1] 26 
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VISCOSITY CONVERSION TABLE 


The following table will give a comparison of various viscosity ratings so that if the viscosity is given in terms other than 
Saybolt Universal, it can be translated quickly by following horizontally to the Saybolt Universal column. 





Kinematic Seconds Seconds Seconds 
Viscosity Saybolt Saybolt Seconds Redwood Degrees Degrees 
Centipoises = K Universal Furol Redwood Admiralty Engler Barley 


.00 6200 
16 2420 
31 1440 
-46 1050 
838 





.00 31 29 

56 35 32. 
.30 40 36. 
.90 45 40.: 
.40 50 44.: 





or orcr: 


.83 55 48 £ 

.20 60 §2.: 
65 ; 56. 
70 ’ 60.§ 
75 Bo 


702 
618 
538 
483 
440 


or kor) 


@ oo CONTIN 
NNNree 


80 
85 
90 


404 
374 
348 
326 
307 


LS 


W bo dO bo bo 


a 
~ © 


195 
144 
114 

95 


81 


70.8 
62 .¢ 
56 . 
$1.3 
47. 


381 
423 
465 
508 


i OO ho ST 


550 
592 
635 
677 


719 


43 . 4 
40.: 
37. 
35. 
33. 


me COND > 


91 762 
95.8 804 
100. 846 
150 1270 
200 1690 


31.: 
29. 
28 . 
18. 
14. 


NWHNAS 


250 2120 
300 2540 
350 2960 
400 3380 
450 3810 


500 4230 ‘ 5. 

550 4650 507 .50 5.13 
600 5080 55: 75.00 .70 
650 5500 55S 90 .00 34 
700 5920 545 204 .50 4.03 


750 6350 j 219.00 3.76 

800 6770 37 233 .50 3.52 

850 7190 ‘ 248 .00 3.32 

900 7620 263 .00 3.13 

9500 950 8040 277 .00 2.97 

2200 10000 1000 8460 292 .00 2.82 





The viscosity is often expressed in terms of viscosimeters other than the Saybolt Universal. The formulas for the various viscosimeters are as 
follows: 
188 - . : 
— (British) Saybolt Universal K= .22t— ~— American 


Redwood Admiralty K= 2.396 — an (British) Saybolt Furol K= 22t — 208 
Engler K= .147t — ae German 
= Engler Degrees X 51.3 


» The Barbey measures the quantity of flow per hour under constant head instead of the time for a definite quantity under varying head as do 
the others. 


The Saybolt Furol and Redwood Admirality are especially designed for measuring the more viscous oils and give a reading in seconds approxi- 
mately one-tenth of that given for the same oil by the Saybolt Universal and Redwood respectively. 

If viscosity is given at any two temperatures, the viscosity at any other temperature can be obtained by plotting the viscosity against tem- 
perature in degrees Fahrenheit on special cross section paper. The points for a given oil lie in a straight line. 


Redwood K= .26t — 


American 


Courtesy Worthington Pump & Machinery Corp. 
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COMPARISON OF DEGREES BAUME AND API WITH SPECIFIC GRAVITY 


The general relationship between degrees Baume’ and specific For liquids lighter than water— 
gravity is found in the following: 140 


Sp. Gr. = t 60° F. 
Oe = 150 + ° Geone 


The corresponding relationship for degrees API is as follows. 


145 141.5 
a a: ev % eR i ace 
Re ia Pel = 131.5 + ° API 





For liquids heavier than water— 





Specific Gravity Specific Gravity 


Specific Gravity 


Baumé Baumé 


Baumé 


Liquids Liquids 
Deg. Heavier Lighter API 
than Water than Water 
.000 27 .O 1.229 .892 893 54 1.593 763 
239 886 887 | 55. 
.250 .88 882 56. 


Liquids Liquids Liquids Liquids 
Heavier Lighter API | Deg. Heavier Lighter API 
than Water then Water ; than Water than Water 








.007 28.0 1 

.014 29.0 1 

.021 30.0 1 

.028 31.0. 1 

.036 22.0 1 

043 33.0 1 

051 34.0 1 

058 35.0 1 

.066 36.0 1 

074 1.000 a 4 

.082 .993 j 38.0 1.355 83: 835 

090 .986 39.0 1.368 .828 830 

.098 .979 : 0 1.381 82: 825 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
l 


— 


611 
629 
.648 
667 
.686 
.706 
.726 
747 
.768 
.790 
.812 
835 
.859 
883 
908 
.933 
.959 
986 


261 87 .876 
.272 87 871 
283 86 865 
.295 85S 860 
.306 . 85+ 855 
.318 .848 .850 
330 84: 845 
.343 .838 840 


SCNAaowrwnde 


107 .972 0 394 81 820 
115 .965 2.0 1.408 8 816 
.124 .959 3.0 1.422 806 811 
.133 .952 0 1.436 805 806 
.142 .946 $ 5.0 1.450 : .802 
151 .940 | 0 1.465 7 

.160 .933 0 

.169 .927 | 8.0 

.179 921 9.0 

.188 915 . 50.0 

.198 .909 | 51.0 

.208 903 52.0 

.218 .897 53.0 


ee ee ee 


sJeJ sj oJ 
tHe Co 


Pa ea er el al ee 
sj] es] -] 

“AO ~~ ey 

co ~Io 0 


80 








WEIGHT OF DRY AND SATURATED AIR 
AT DIFFERENT TEMPERATURES 
IN LBS. PER CU. FT. 


COMPOSITION OF AIR 


tr WEIGHT OF DRY AND SATURATED AIR 
PER CUBIC FOOT 
AT ATHOSPHERIC PRESSURE OF 
14.7 POUNDS PER SQUARE INCH. 


Per cent by Volume 
Dry Atmospheric Air at 
Air! Sea Level (Average?) 
Nitrogen 78 .03 
Oxygen 20.99 
Argon 94 
Carbon Dioxide .03 
Hydrogen 01 
Water Vapor 
Krypton 
Neon Trace 
Niton 
Xenon 





100 .00 L00 .00 





‘International Critical Tables. 


“Guide American Society of Heating and Ventilating Engineers. 
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REDUCTION OF BAROMETRIC READINGS 


This table gives the corrections in inches of mercury to convert 
readings at various temperatures to readings at 


24 





+0 
+0 
+0 

+0 


+0 
+0 
+0 
+0 
+0 


+0 
+0 
+0 
+0 
+0 


—0 
—0 

-0 
—0 


063 
058 
054 
049 
045 


Oil 
036 
032 
028 
023 


019 
014 
010 
006 
001 


003 
007 
012 
016 


.020 


025 
029 


033 


—0 
—f 
—0 
— 0. 


038 
042 


046 
051 
055 
060 
064 


standard temperature 


Observed reading of barometer in inches 


25 26 27 28 29 30 
065 
061 
056 
052 
047 


+-0 068 
+-0.063 
+0 .058 
+0.054 
+0.049 


+-0.076 
070 
065 
060 
054 


+0.070 
+-() 065 
+-() 061 
4-0). 056 
+-() 051 


4-0. 078 
+-0.073 
067 
062 


056 


073 
068 0 
063 4-() 
O58 
053 


042 
038 
033 
029 
024 


+0.044 
+0.039 
+0.035 
+-0.030 
+-0.025 


+0.046 
+-0.041 
+0.036 
+0.031 
+-0.026 


047 
042 
037 039 
032 033 
027 + 028 


049 
042 


051 
045 
040 
034 


029 


020 +-0.020 
015 +0.016 
O11 = =+0.011 
006 006 
001 001 


+-() O21 
+0 016 
+0 O11 
+0, 006 
+-() 002 


022 
017 
012 
007 
002 


024 
018 
013 
007 
002 


003 
008 
012 
017 
021 


003 
008 
013 
017 
022 


0.003 
0.008 
0.013 
0.018 
-~) 023 


003 
009 
014 
O19 
024 


004 
009 
014 
O19 
025 


004 
009 
015 
020 
026 


027 
032 
036 
041 
046 


026 
030 
035 
039 
044 


4) O28 
0.033 
0.038 
0.043 
0.047 


029 
034 
039 
044 
049 


030 
035 
040 
046 
051 


031 
036 
042 
047 
053 


048 
053 
057 
062 
066 


050 
055 
060 
064 
069 


0.052 
0.057 
—). 062 
0.067 


0.072 


054 
059 
064 
U6Y 


074 


058 
064 
069 
074 
080 


071 
076 
080 
O85 
O89 


074 
079 
083 
088 
093 


—(). 077 0.080 
0.082 0.085 
0.086 0.090 

—0.091 0.095 
0.096 -.100 


085 
091 
096 
101 
107 


094 
098 
103 
107 
112 


097 
102 
107 
lil 
116 


0.101 () 
0.106 () 
4.111 -() 
0.116 0) 
0.120 0 


105 
110 
115 
120 


125 


112 
118 
123 


116 
121 
125 
130 
134 


121 
125 
.130 
135 
. 139 


0.125 0 
—0. 130 0 
0.135 0 
0.140 0 
0.145 0 


130 
135 
140 
145 
150 
138 
143 
147 


144 0.150 0 
149 0.154 0 
153 0.159 0 
158 —0.164 0 
163 -0.169 0 
. 167 —0.174 


0.161 
0.166 
0.171 
—.176 
0.181 
0.187 


155 
160 
165 
170 
175 
0.180 


—0 
— 0 
—0.152 
—0. 156 
—0.161 





From Table 44 of Smithsonian Meteorological 


Example: 


Observed height of barometer 


Tables, 


1939. 


= 29.502 


Attached thermometer, 68 degrees F. 


Reduction for temperature = 


Barometer reading corrected for temperature 


0.105 


= 29.397 


ATMOSPHERIC PRESSURE 


This table is compiled from elevations and normal atmospheric 
pressures at United States Weather Bureau stations. 


Elevation 
in feet 


Inches 
mercury 


Inches 
mercury 


Pounds 
absolute 


Pounds 
absolute 





30 
29 
29 


29.67 


29 


73 
68 
63 
57 
52 


6000 
6500 








With permission, from 


26 


**Measurement of Gases.'' Copyright 1936. American Meter Co 


ALTITUDE AND ATMOSPHERIC PRESSURE 


This table from the United States Weather Bureau gives altitudes 
and average atmospheric pressures. 








Location 


Eleva- 
tion in 
feet 
above 
sea 
level 


Average 
atmos- 
pheric 

pressure 
pounds 


Eleva- 
tion in 
feet 
above 
sea 
level 


Average 
atmos- 
pheric 

pressure 


Location pounds 





Abilene, Tex. 
Albany, N. Y. 
Amarillo, Tex. 
Asheville, N. C. 
Atlanta, Ga. 
Atlantic City, N. J. 
Austin, Tex 


Baker, Ore. 
Baltimore, Md. 
Binghamton, N. Y. 
Birmingham, Ala. 
Bismarck, N. Dak... 
Boise, Idaho 

Boston, Mass.. .. 
Brownsville, Tex.... 
Buffalo, N. Y..... 
Burlington, Vt. 


Yairo, IIL 

‘harleston, 8. C..... 
Yharlotte, N. C...... 
Yhattanooga, Tenn. 
*heyenne, Wyo. 
Yhicago, Ill. Pe 
‘incinnati, Ohio.... 
‘leveland, Ohio 
Jolumbia, N.C...... 
Yolumbus, Ohio . 
Yoncord, N. H..... 
Yorpus Christi, Tex. 


Dallas, Tex. 
Dayton, Ohio. . 
Del Rio, Tex... . 
Denver, Colo... 
Des Moines, Iowa. 
Detroit, Mich.. ... 
Dodge City, Kan.. 
Dubuque, Iowa. . 
Duluth, Minn... 


Elkins, W. Va. 
E] Paso, Tex.. 
Erie, Pa. ; 
Evansville, Ind. 


Fort Smith, Ark..... 
Fort Wayne, Ind...... 
Fort Worth, Tex...... 
Grand Rapids, Mich.. 


Harrisburg, Pa.. 


1738 
97 
3676 
2253 
1173 
52 
605 


3471 
123 


Hartford, Conn... . 
Helena, Mont. 

Houston, Tex... .. 
Indianapolis, Ind... 
Kansas City. Mo... 
Keokuk, Iowa 

Knoxville, Tenn.. . 


159 66 
4110 7 
138 

822 

963 

614 


Lander, WYo.. 
Lincoln, Neb. 

Los Angeles, Cal..... 
Louisville, Ky... 
Madison, Wis. . 
Memphis, Tenn. 
Miami, Fla. ; 
Milwaukee, Wis... . 
Minneapolis, Minn... 
Montgomery, Ala. 


Nashville, Tenn... 

New Orleans, La... 
New York, N. Y....... 
North Platte, Neb..... 
Oklahoma City, Okla.. 
Omaha, Neb... . sot 
Parkesburg, W. Va..... 
Philadelphia, Pa. 
Pittsburgh, Pa. 
Pocatello, Idaho 
Pueblo, Colo. oe ae 
Rapid City, 8. Dak. 


Reno, Neb.. 
Rochester, N. Y... 
Roswell, N. Mex... 
Sacramento, Cal... 
St. Louis, Mo... .. 
St. Paul, Minn... . 
Salt Lake City, Utah 
San Antonio, Tex. 
San Diego, Cal... 


San Francisco, Cal. 
Santa Fe, N. Mex... 
Seattle, Wash... .. 
Shreveport, La... . 


125 
249 
1929 
597 
628 


112 


Spokane, Wash.. . 
Syracuse, N. Y. 
Toledo, Ohio. . 
Washington, D. 


Yuma, Ariz.. 








MERCURY VACUUM — ABSOLUTE PRESSURE 


Based on atmospheric pressure of 14.4 pounds 


and mercury 


at 32 degrees F. 








Inches 
mercury 
absolute 


Inches 
mercury 
vacuum 


Pounds per 
square inch 
absolute 


Pounds per 
square inch 
absolute 


Inches 
mercury 
absolute 


Inches 
mercury 
vacuum 





1 


2 
3 
4 
5 


13.32 
12.32 
11.32 
10.32 

9.32 


6.05 


32 
32 
32 
.32 
.32 


3.32 
2.32 
1.32 
0.32 
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AREAS AND 








Parallelogram 


SN 





aS 
c a a 
~— b —w 
; Acute-angled triangle 





m—b— 
_ Obtuse-angled | triangle 


aa) 





Trapezoid 


— 


Trapezium 


RR 





__ Regular polygon 


Circle 





Circular sector 





we — | 
Right-angled triangle | 


1-24 
 - 
57.296 | 


— area 
A= 
A= 2 d = 
s= 0.7071d=VA 4 
d= 1.414s L414 VA 


A = area 
abo 
- V a2?+ b2 
A+b 
=a a a 


A = area 
A = ab 
a= A+—b 
b — A =a 
Note that dimension a is meas- 


ured at right angles to line b. 


A = area. 


A = area. 


(H + h)a + bh + cH 


> 


A = area; n = number of sides. 
x = 360° +n B = 180° —x 


A = 2S e\e—F 


A = area; C = circumference. 
A = 0.7854 d2 
= 3.1416d 
r= C + 6.2832 = 0.564 VA 
d= C + 3.1416 = 1.128 VA 
d= length of arc; 
t= — angle, in degrees. 


= \ = area; 


r 


VOLUMES 





area; 1= length of arc; 
angle, in degrees. 
2 V h(2r —h) 
2 [rl —c(r —h)] 
0.01745 rx 
r—% V 4r?— c? 
. — 37.296 | 
Circular segment 7 r 





A = area; 
P = perimeter or circumfer- 
ence. 
A = 3.1416 ab. 
An approximate formula for the 
perimeter is: 


P = 3.1416 V 2 (a? + b*) 





’ = volume. 


V=s 














V = volume. 
V= abc 


ieee 











V = volume. 


V =%h x area of base. 





V = volume; S = area of 
| curved surface. 

V = 0.7854 d?h 

S = 6.2832 rh 

Area of all surfaces is S plus 


twice the area of an end. 











h— h—>+4 Lg 
__Cylinder 
d 





V = volume. 
V —_.0.7854 h (D2 — d?) 
= 3.1416 ht(R +r) 











Hollow cylinder 








Low s V = volume; A = area of coni- 
of cal surface. 
V = 0.2618 dh 
A = 1.5708 ds 
— La = VP 
Cone = bie 





| V = volume; A = area of coni- 
| cal surface. 


V = 1.0472 h(R?2 + Rr + r?) 
A= 3.1416s(R+1r) 
Frustum of cone 
V = volume; A = area of sur- 
face. 
V — 0.5236 d® 
A = 3.1416 d? 
r — 0.6204 x cube root of V 


V = volume; A = area of 
spherical surface. 
V = 3.1416 he( r—2) 
A = 2arh 
Nae c= 2 V h(2r—h) 
Spherical segment 
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CIRCUMFERENCES AND AREAS OF CIRCLES STANDARD TWIST DRILL SIZES 
FROM Ys TO 20 RVC na nil ae hi 


Designa- Diam, Area, Designa- Diam, Area, Designa- Diam, Area, 
tion in. sq in. tion in. sq in. tion in sq in. 











Circum. Area Diam. Circum. Area 2 0.5000 0.1963 0.213 0.03563 %% 9.0938 0.00690 
—_— My, = 0.48440. 1843 209 0.03431 42 0.0935 0.00687 
.3927 .012272 10 31.416 78 .54 { 5g 0.4688 1726 5 2055 0.03317 43 0.0890 0.00622 
.7854 .049087 10% 31.8087 80.5158 % «= 0.4531 0.1613 5 204 0.03269 0.0860 0.00581 
.1781 . 110447 104% 32.2014 82.5161 M% 0.4375 1503 %, 2031 0.03241 f 0.0820 0.00528 
.5708 . 19635 1034 32.5941 84.5409 
.9635 .306796 10144 32.9868 86 .5903 y 0.4219 0.1398 7 201 0.03173 
.3562 .441787 1054 33.3795 88 .6643 Z 0.413 1340 199 0.03110 0.0785 0.00484 
.7489 .601322 10% 33 .7722 90 .7628 I3¢ 0. 4063 1296 196 0.03017 3 0.0781 0.00479 
1416 7854 10% 34.1649 92 .§858 f 0.404 1282 .1935 0.02940 0.0760 0.00454 
5343 .99402 Ll 34.5576 95 .0334 X 0.397 1238 191 0.02865 ¢ 0.0730 0.00419 
927 2972 lly 34.9503 97 .2055 
3197 _4849 11% 35.343 99 .4022 25 3906 0.1198 ‘ 189 0.02806 0.0700 0.00385 
.7124 .7671 113 .7357 101 .6234 386 ©=-0.1170 3% 1875 0.02761 | 0.0670 0.00353 
1051 0739 Ly 36 . 1284 103 .8691 377, 0.1116 ‘ 185 0.02688 5: 0.0635 0.00317 
0 
0 





g 
» 
5 





Co mt NUS et 
ON ONNON 


0.0810 0.00515 


~ 


or 


NO 


ee 
SondXon 


too 


NOX 


.4978 4053 36.5211 106 . 1394 : 375 1104 182 0.02602 a 0.0625 0.00307 
.8905 .7612. 36.9138 108 .4343 368 1064 5 1800 0.02554 55 0.0595 0.00278 
2832 1416 % ‘ ie 3065 110.7537 
6759 5466 ‘ 37 .6992 113 .098 %3 3594 0.1014 5 1770 0.02461 5 0550 0.00238 
0686 9761 2: 38 .0919 115.466 y 358 0.1006 1730 0.02351 55 0520 0.00212 
4613 4301 24% ~=«38=«z. 117 .859 348 0.09511 0.1719 0.023203 0473 0.00173 
854 9087 2: 38 120.277 3438 0.09281 .1695 0.02256 0465 0.001698 
2467 4119 2h 27 122.719 339 0.090261 1660 0.02164 57 0430 0.001452 
.6394 9396 2% -662 125 . 185 
0321 4918 : .05£ 127 .677 332 0.08657 1610 0.02036 : 0420 0.001385 
4248 0686 48 130.192 : 3281 0.08456 1590 0.01986 0410 0.001320 
"8175 6699 ‘ A 132 733 323 =—-00..08194 : 1570 0.01936 0400 0.001257 
"2102 2958 3% 233: 135 .297 316 0.07843 5 1563 0.01917 039° 0.001195 
6029 9462 3) 41.626 137.887 ‘ 3125 0.07670 2: 1540 0.01863 ‘ 038 0.001134 
-995¢ 6211 37g 42.0189 = 140.501 
3206 3” A116 143 . 139 302 «0.071632 1520 0.01815 .087 0.001075 
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Deviation of Gases from Ideal Gas Laws 


Storage cylinders, operating at relatively high pressures, 
are capable of offering increased storage capacity, consid- 
ering the effect of deviation from the ideal gas law, to the 
extent of approximately 40 per cent over underground 
storage sands. 


In the case of mixtures of gases, such as natural gas, devia- 
tion from the ideal gas law is dependent on the composition 
of the mixture. A method of determining this deviation for 
a gas of any composition and of calculating the increase in 
volumetric capacity under optimum operating conditions is 
presented. 


In the compression of a gas, when working pressure ex- 
ceeds approximately 50 psi gage, there is a difference be- 
tween the actual volume and the volume expected as de- 
termined by the ideal gas law, 


PV = NR’T (1) 


where 


P = pressure in pounds per square inch absolute 


V = volume in cubic feet 


number of pound-moles of gas : 
Weight of gas in pounds 


molecular weight 


= universal gas constant = 
pounds per square inch 


10.71 for cubic foot and 


temperature, absolute = 460 + °F 


The difference is generally a shrinkage accompanied by a 
corresponding increase in density. This shrinkage, or de- 
viation, is a function of both pressure and temperature, and 
reaches a maximum at the critical pressure and tempera- 
ture of the gas. 


Since the ideal gas law (Equation 1) has been used in the 
deviation of nearly all equations of state, the most conven- 
ient method for determining the pressure, volume, tempera- 
ture relationships of a gas or gaseous mixture is to introduce 
into Equation 1 a compressibility factor Z which represents 
the deviation of the gas in question from the ideal gas laws 
and may be expressed as follows: 


TABLE 1, Properties of Gases 


Boiling Spe- Critical 
point at cific tem- 
atmos- gravity pera Critical 
phere Air= ture _ pressure 
a 1.00 °F abs. psi abs. 
—259 ( 
-127 


Mole- 
Form- cular 
Gas ula wt. 


344 
549 
521 666 
005 732 


16.03 ) 
30.05 ie 
44.06 - 1 
58 .08 2 
72.09 2.488 829 
44.00 ' 520 548 
28 .02 ‘ 0.970 227 

1.105 278 


Methane. 
Ethane. 
Propane C.H¢ 
Isobutane CyHio 
Isopentane.... C5H)2 
Carbon dioxide. CO» 
Nitrogen... No 
Oxygen... Oo 


CH, 
CoH, 


673 
712 
632 
544 
f 482 
1073 
492 
730 


553 


037 


By permission, from ‘‘National Seamless Stee! Bottles for Gas Storage.’ Copyright 
1949. Nationol Tube Company. 


GAS HANDBOOK ISSUE 


PV = ZNR’T 


where 
Z = compressibility factor 


Actually, the compressibility factor Z is a dimensionless 
correction factor dependent on the character of the gas, the 
temperature, and the pressure. Values of Z have been experi- 
mentally determined':**, and were found to be a function of 
reduced temperature, and have been plotted accordingly in 
Fig. 1. 

The compressibility factor Z, or the deviation of a gas or 
a gas mixture from the ideal gas laws, is expressed in terms 
of reduced pressure P, (ratio of the actual absolute pressure 
to the critical pressure) and of reduced temperature 7, (ratio 
of the actual temperature to the critical temperature), the re- 
lationship being expressed as follows: 


P, == P/F, 
T= U/t, 
where 
pressure in pounds per square inch absolute 
- temperature, absolute = 460 + °F 
= critical pressure of gas or gas mixture 


T.. = critical temperature of gas or gas mixture 


The critical pressure of a gas is the pressure under which 
the gas may exist in a gaseous state in equilibrium with its 
liquid at the critical temperature. The critical temperature is 
the temperature above which a gas cannot be liquefied by 
pressure alone. Values of critical constants may be obtained 
from critical tables and handbooks, or reference may be 
made to Table 1 wherein are listed properties of constituent 
gases. 

In a gaseous mixture consisting of numerous component 
gases, the compressibility factor is determined by having re- 
course to the so-called pseudo-critical values of the mixture. 
The pseudo-critical pressure is the molecular average criti- 
cal pressure of the gas mixture and the pseudo-critical tem- 
perature is the molecular average critical temperature of the 
mixture. The relationship to the critical pressure and tem- 
perature of the fundamental gases may be expressed as fol- 
lows: 


~ = (P.)aNa T (P.)nNy (5) 


Tr. = (TL), + (TaN 4 
where: 
N., = Gas (a) of gas mixture as a volume fraction 
Gas (b) of gas mixture as a volume fraction 
— Pseudo-critical pressure of gas mixture 
= Critical pressure of N, 
= Critical pressure of N,, 
= Pseudo-critical temperature of gas mixture 
’.), = Critical temperature of N, 


(T..),, = Critical temperature of N,, 











TABLE 2 


Various Gas Analyses. 





Producer gas 
Coke- Pittsburgh coal! Illinois 
oven — —— 

Natural gas gas Best Average coal 
Form- Exam- —————-——— - = 
Analysis number ula ple 1 2 3 


Component 





Methane . CHy 84.8 84.5 94.5 29.7 
Ethane. . CoHs 14.3 5 0.5 1.1 
Carbon monoxide co 5.9 
Hydrogen. . . . He 

Oxygen. . . O2 

Nitrogen. . vies Te 

Carbon dioxide. . COs 

Ethylene CoH, 





Critical pressure 
psi abs. .. 
Critical temperature, 
°F abs... 
Reduced 
temperature... : 52 2.90 2.2! 33 2.25 


381.6 494 494.8 


179.5 231 231.1 


TABLE 3. Determination of compressibility factor and 
atmospheric volumetric multiplier. 

= 678.1 psi abs. 

= 372.6" F obs. 

= tooo 


Given: Critical Pressure 
Critical Temperature 
Reduced Temperature 





Atmospheric 
Reduced p volumetric 
pressure For Tr=1.396 multiplier 
Storage Pp Pp Pp 
pressure Pr=——— For Pr=—— —- 
Pp 678.1 678.1 14.73Zp  14.73Zp 


From Fig. 1 





100 .147 
250 .369 
500 737 
750 
1000 
1250 
1500 
1750 
2000 
2250 
2500 


.983 
955 
912 

.106 871 

475 .828 20 

.843 790 64 

.212 .756 14 

.581 736 84 

.949 721 62 

718 58 

64 
.80 
02 


48 
07 
43 
83 


mp e | 


ee a 


In order to illustrate the determination of the compressi- 
bility factor, the following example. is cited: 

Example — Gas analysis, per cent by volume: Methane, 
84.81; Ethane, 14.26; Nitrogen, 0.63; Carbon Dioxide, 
0.15; Oxygen, 0.15. Required, the deviation for 2000 psi ab- 
solute and 60° F. The pseudo-critical pressure and temnera- 
ture must be determined by means of Equations (5) and (6) 
and Table 1. 


= (P.).N. + (Pe)oNn + » 


673(0.8481) + 712(0.1426) 492(0.0063) + 
1073(0.0015) + 730(0.0015) = 678.1 psi absolute 


=(T.).Ne+(TesNrot+ - - 5 a ee 


= 344(0.8481) + 549(0.1426) + 227(0.0063) + 
548(0.0015) + 278(0.0015) = 372.6° F absolute 


eee . (3) 


2000 


=————— = 2.949 
- 678.1 


30 


> oe 


60 + 460 
i<= oY we 1.396 

Reduced pressure and reduced temperature are determined 
from Equations (3) and (4). 

From Fig. 1, for 7, = 1.395 and P, = 2.949, we find the 
compressibility factor Z = 0.722. It should be noted that if 
in the preceding example the gas had been at atmospheric 
pressure, the compressibility factor would approximate unity. 


For comparative purposes Fig. 2 has been prepared based 
on the seven gas analyses of Table 2 giving the compressi- 
bility factor Z as a function of storage pressure and reduced 
temperature. Similarly, for any other gas analyses plots could 
be made to indicate the optimum pressure-deviation relation- 
ship. In this manner the designer of storage cylinders will be 
able to determine the magnitude of the increase in the stor- 
age capacity under optimum conditions. In the case of gas 
analysis No. 1, the best operating pressure would be 2250 
psi absolute, the compressibility factor being .740. 


If under standard conditions of pressure and temperature 
the volumetric content of a cylinder is known, the magni- 
tude of the increase in storage capacity may be predicted 
based on the deviation from the ideal gas laws and the stor- 
age pressure. 


P,V, = Z,NR’T and P,V, = Z,NR’T 


where subscripts a and p represent values at standard or at- 
mospheric conditions and under pressure, then 


_ Z,P,, V 


V.= tS 
‘* 


(7) 


but Z, = unity at standard conditions and P, = 14.73 psi. 
When substituted in Equation (7) the expression in terms of 
standard volume will be 


P,, 
eae 2.6 6 te Sa ee 
14.73Z, Vp (8) 


‘ : iy 
Therefore, the expression r 


14737, “re a volumetric 


multiplier and, knowing the volume under standard condi- 
tions, the volume of gas that can be stored under operating 
conditions may be anticipated by multiplying the known vol- 
ume by this calculated value. 


Atmospheric volumetric multipliers for the seven gas 
analyses of Table 2 have been determined and are shown 
in Fig. 3, and, similarly, for any other gas analysis a plot may 
be established to show the expected volumetric increase for 
each analysis. 

To further illustrate, using the gas analysis of the previous 
example, Table 3 shows the required calculations for the de- 
termination of the compressibility factor Z and the volume- 
tric multiplier k for a storage pressure range of 100 psi to 
3000 psi absolute. 


In the foregoing discussion the probabilities of hydrate 
formation or liquefaction of the gas have not been taken into 
consideration. For any specific gas mixture these critical 
points should be determined for the anticipated operation 
conditions before proceeding with the investigation of opti- 
mum conditions of storage. 
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REDUCED PRESSURE Pp 
1.0 2.0 3.0 4.0 5.0 6.0 


REDUCED TEMPERATURE 


COMPRESSIBILITY FACTORS - Z 
At REDUCED 
TEMPERATURES AND PRESSURES 


3.0 4.0 5.0 
REDUCED PRESSURE Pp, 


FIG. 1. 


By permission, from ‘‘Natural Gasoline and the Volatile Hydrocarbons,’’ by Brown, Katz, Oberfell and Alden 
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STORAGE Pressure PSI (Abs.) HuNOREDS 
5 10 15 20 


Compressisitity Factors -Z 
For 


Various Gas ANALYSES 


5 10 15 20 
STORAGE Pressure PSI (Abs.)-HUNOREDS 


FIG. 2. 
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ATMOSPHERIC 


VoLuMeETRic MULTIPLIER 


IOEAL GAS MULTIPLIER 
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EXAMPLE : 
STORAGE PRESSURE PSI 825 
IDEAL GAS VOLUMETRIC MULTIPLIER 55.8 
EXAMPLE ANALYSIS (1.165x55.8) 65.0 


10 15 20 25 
Storace Pressure PSI (Abs.)-Hunoreos 


FIG. 3. 
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WATER VAPOR IN SATURATED GAS 


Per cent by volume, calculated from the gas laws 





Pressure, Pounds per Square Inch Absolute 
Temperature, — — —_——— - ——_—— 
°F 150 200 250 300 

10 .244 ; 0.081 0.061 0.049 0.041 0.035 0.030 0.024 0.020 0.017 
50 .356 .178 0.119 0.089 0.071 0.059 0.051 0.055 0.036 0.030 0.025 
60 .512 256 0.171 0.128 0.102 0.085 0.073 0.064 0.051 0.043 0 .037 
70 .726 36: 0.242 0.181 0.145 0.121 0.104 0.091 0.073 0.061 0.052 
80 .014 ‘a 0.338 0.253 0.203 0.169 0.145 0.127 0.101 0.084 0.072 
90 396 .698 0.465 0.349 0.279 0.233 0.199 0.174 0.140 0.116 0.100 
100 898 946 0.633 0.474 0.380 0.316 0.271 0.237 0.190 0.158 0.136 


350 100 500 600 700 





**Fuel Flue Gases.’ Copyright 1940. American Gas Association 


GALLONS OF WATER PER MILLION CUBIC FEET OF GAS 


Pressure and temperature bases: 14.4 pounds per square inch and 60° F 
Gas saturated with water vapor at indicated pressures and temperatures 





Pressure, Pounds per Square Inch Absolute 


Temperature, — ™ — ‘ 
: 50 100 250 300 3! 400 


40 13.6 6.8 
50 19.9 10.0 

60 28 .6 14.3 

70 40.5 20.2 

80 56.4 28 .2 , 
90 78.0 39.0 26. 
100 106.2 53.1 35.4 
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From ‘‘Fuel Flue Gases.'’ Copyright 1940. American Gas Association 


VAPOR PRESSURE OF WATER 





Lbs. per Lbs. per Lbs. per Lbs. per 
Sq. In. Sq. In. Sq. In. Sq. In. 
Absolute i In. Hg Absolute "7: In. Hg Absolute ., In. Hg Absolute 


0.08854 57 0.4686 0.2302 8: 1.1016 0.5410 
0.09223 58 0.4858 0.2386 1378 0.5588 
0.09603 5s 0.5035 0.2473 1750 0.5771 
0.09995 0.5218 0.2563 .2133 0.5959 
0.10401 0.5407 0.2655 .2527 0.6152 
0.10821 iy 0.5601 0.2751 2931 0.6351 
0.11256 ). 0.5802 0.2850 3347 0.6556 
.11705 3 6009 0.2951 3775 0.6766 
12170 i 0.6222 0.3056 4215 0.6982 
. 12652 6 0.6442 0.3164 .4667 0.7204 
.13150 ) 0.6669 0.3276 .5131 0.7432 
. 13665 8 0.6903 0.3390 93 5608 0.7666 
.14199 if 0.7144 0.3509 94 6097 0.7960 
.14752 0.7392 0.3631 95 
. 15323 7 0.7648 0.3756 96 
.15914 0.7912 0.3886 97 
. 16525 0.8183 0.4019 98 
.17157 0.8462 0.4156 99 
.17811 
. 18486 
.19182 


3786 1.1683 
4491 1.2029 
.§214 1 .2384 
.§955 1.2748 
9948 1.4709 
.4458 1.6924 
9539 1.9420 
5251 2225 
1653 .5370 
8812 8886 
.680 


.569 


—T— tii 


a 
— 


DOr WwWNWNNN ty 


Oot 
.6600 0.8153 j Y 652 
o4ne 0.8407 5 863 
7647 0.8668 .199 
8192 0.8935 § 3.671 
8751 0.9210 5.291 


0.9046 0.4443 101 
0.9352 0.4593 102 
. 19900 0.9666 0.4747 103 
. 20642 0.9989 0.4906 104 
.2141 80 1.0321 0.5069 105 
. 2220 81 1.0664 0.5237 106 


9915 0.9781 { 9.014 
.0519 1.0078 9; .144 
.1138 .0382 2 3.467 
1775 .0695 f 26 .003 
.2429 .1016 ‘ 28 .755 
.3099 1345 2 29.922 
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A special case of partial pressure is that due to vapor pressures of substances at or near their condensing conditions, especially when in the 
presence of some liquids. The kinetic theory has shown how separation of molecules will permit the evaporation of other gaseous molecules into the 
same space. All liquids exposed to an available space will partially change to vapor. The partial pressure of this vapor in the space above the liquid 
is given the name “vapor pressure.”’ For each temperature of the liquid, there is a corresponding vapor pressure. When the vapor pressure equals 
the external pressure, the liquid is at its boiling point. For water under pressure of one atmosphere, 212° F is the temperature at which this 
phenomenon takes place. 


From ‘‘Fuel Flue Gases."’ Copyright 1940. American Gas Association 
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DETERMINATION OF HORSEPOWER, TORQUE, ETC. 


Engine horsepower: Engine horsepower is taken as 33,000 
foot-pounds of work in one minute, or 550 foot-pounds of 
work in one second. To express indicated horsepower the fol- 


lowing formula is used: 


mep LAN 


inp = 33000 


Where: 


mep is the mean effective pressure (as shown by a steam 
engine indicator diagram) in pounds per square inch, 


acting on the piston. 
L is the length of the stroke in feet. 


Ais the area of the piston in square inches (area of the 


piston rod to be deducted for the crank end). 


N is the number of working strokes per minute (in double- 
acting steam engines it will be twice the number of revo- 


lutions). 


Indicated horsepower of gas engines: The same formula 
is used for this calculation, except that the symbol N repre- 
sents the total number of explosions per minute in all 


cylinders. 


In computations for four-stroke cycle, single cylinder, 
single-acting gas engines firing every fourth stroke, this will 
be the revolutions per minute, divided by two. For two-stroke 
cycle, single cylinder, single-acting engines, firing every sec- 
ond stroke, or once every revolution, the value of N will be 


represented by the number of revolutions per minute. 


Brake horsepower is the power out-put of the engine, mea- 
sured at the fly wheel or main shaft. It is the actual amount 
of energy which may be delivered by the engine to drive 
compressors, generators, etc. Brake horsepower is expressed 


by the following equation: 


T x RPM 


BHP = 5355 


GAS HANDBOOK ISSUE 


Where: 
RPM is shaft speed in revolutions per min. 


T is the torque in foot-pounds. Torque is normally mea- 
sured by dynamometers, prony brake or other engine test 


devices. 


Where the engine is assembled in a unit including clutch, 
transmission and engine accessories, the power out-put is 
termed UNIT HORSEPOWER. Unit horsepower is measured 
in the same manner as brake horsepower and the expression 


for brake horsepower is used. 


Where the horsepower and shaft speed is known, the 


TORQUE may be determined by the following equation: 


HP x 5255 


FORQUE = RPM 


Electrical horsepower: The unit for measuring the elec- 
trical horsepower input to a motor is the watt. For direct 
current this is the product of the volts E and the amperes /, 
measured at the motor terminals, and is represented as 
W = El. Since 746 watts are equivalent to an electrical horse- 


power, the following formula represents the above relations: 


El 
ae 
Should the power used be taken from an alternating cur- 


rent system, the conditions as outlined below will hold. 


If W =watts, E = average volts between terminals, / = 
average line current, and pf = power factor expressed as a 
decimal fraction, the following formulae represent their re- 


lations: 


El x pf 


Single phase HP = 746 


2 El x pf 


Two phase HP = — 746 


ree phase = “ae 











MOTOR SPEED. The synchronous speed of AC motors 1s 
determined by the number of poles and frequency. 
120 x f 


Synchronous speed - — 


where 
f = frequency in cycles 


p = number of poles of the motor 


Induction motors will have full load speeds of from 2 to 
6 per cent less than the above, average 4 per cent less. 


DC motors will have standard full-load speeds when hot 
of: 575, 850, 1150, 1750, and 3500 rev per min (rpm). 


At normal temperature, rated. load, and voltage the varia- 
tion above or below the above full-load motor speeds may not 
exceed 742% in motors up to 742 hp at 1150 rpm 5% in 
motors larger than 742 hp at 1150 rpm. 


The above relations are based upon the energy delivered 
to the motor as electrical power. The approximate horse- 
power delivered by the motor may be determined by multi- 
plying the above horsepower values by the motor efficiency. 


HP (delivered) = Eff. x HP (input) 


EFFICIENCIES OF ELECTRIC MOTORS 


Average Efficiencies for Voltages up to 550 in Three Phase Motors 


Induction Motors 


Full load 34 Load 4 Load 





1te2En....... 81 79 76 
Sto6 EBp....... 85 84 82 
10 to 25 Hp...... 87.£ 87 85 
25 to 50 Hp..... 89 88 .! 86.5 
75 Hp.-100 Hp... 91 90 88 
150-200 Hp... .. 92 91.: 
Above 200 Hp.... 93.5 93 





Sy n. Motors 


Unity P. F. 
Full load 34 


Rating Load l 


2 Load 





25 to 50 Hp.. aie 90 88 .5 
75 Hp.-100 Hp... 92 

150-200 Hp... .. 93 

Above 200 Hp.... 94.5 


The above are averages for 1200 and 1800 RPM motors. 


._ Low speed motors.—Efficiencies will be from 1 to 2% lower—2200 volt 
motors 100 HP and above have approximately the same efficiency as low 
voltage motors. On smaller sizes the 2200 volt motors have efficiencies 1 to 
8% lower. 
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BOILER HORSEPOWER. The equivalent evaporation of 
34.5 pounds of water per hour from a feed water temperature 
of 212 deg F into steam at the same temperature is a boiler 
horsepower. Since the actual operating conditions of a boiler 
are seldom “from and at 212 deg F” a factor is needed to 
convert the rating from the actual conditions to what they 
would be “from and at 212 deg.” This is called the “factor of 
evaporation” and equals ratio of the heat required to generate 
1 pound of steam under actual conditions to that required to 
make 1 pound of steam “from and at 212 deg F.” 

With small boilers in industrial plants, heat liberations of 
approximately 15,000 Btu per cu ft of furnace volume per 
hour are attained, whereas, in large central stations, this can 
run up to 30,000 Btu per cu ft or higher. 

The horsepower rating of a boiler is based on its heating 
surface, 10 square feet of heating surface being allowed per 
rated horsepower. 

The relation between heat liberation, heating surface, per 
cen rating, and boiler efficiency is as follows: 

Heat liberation per hr = 
Heating Surface x 33,500 x % Rating 
10 x % efficiency 





The information on horsepower calculation, motors, steam and steam boilers is 
published through courtesy of ‘‘Compressed Air Data’’ and ‘‘Cameron Pump Dato."’ 


WATER HORSEPOWER FORMULAS 


Water HP — gal per min X head ap X specific gravity 





gal per min X head in lbs per sq in 
1714 


Water HP 
Efficiency of Pump 


or Water HP = 





Brake HP = 





Kw hrs per 1000 gal cold water pumped per hour = 
head in feet of water x 0.00315 
efficiency of pump x efficiency of motor 





Cameron Hydraulic Date. 


POWER REQUIREMENTS OF POSITIVE 
BLOWERS AND EXHAUSTERS 


BHP = .00474 x D x RPM x P 
Where 


BHP equals horsepower required to drive the blower or 
exhauster. 


D equals displacement in cubic feet per revolution. 
RPM equals revolutions per minute. 


P equals outlet minus inlet pressure in pounds per square 
inch. (If inlet pressure is atmospheric, then P in the 
outlet gage pressure.) 


Note: This formula assumes a mechanical efficiency of 92 
per cent for the blower or exhauster. 


Volumetric efficiency is provided for since actual capacity 
is less than actual RPM multiplied by displacement. 


Engineering Tables — Roots-Connersville. 
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Theoretical Compression. In compressing a gas, if the heat 
is removed so as to keep its temperature constant, it is called 
Isothermal Compression. 

If all the heat of compression is retained in the gas and 
used to increase its temperature, it is called Adiabatic Com- 
pression. 

In present-day reciprocating compressors, the air or gas is 
compressed very nearly adiabatically. The water-jacketing 
brings the compression curve somewhat below the adiabatic, 
but the excess pressure required to force the air or gas 
through the valves makes the work done very close to that 
which would be calculated on the assumption of adiabatic 
compression for the entire cylinder of air or gas. 

The following formulae apply to adiabatic compression: 

en 1 
n 


a, ei ot 
mep=.7P,4(+) tf 


nep x LAN 
ihp = oe 





33,000 
Where 


me p = mean effective pressure in compressor cylinder. 
ih p =indicated horsepower 
n = ratio of the specific heat a constant pressure to the 
specific heat at constant volume for air or the gas 
being compressed (see the table opposite). 
P, =inlet pressure—pounds per square inch absolute. 
P, = discharge pressure—pounds per square inch ab- 
solute. 
Lt 


Pp. 





nw 


r= 


1 . 
L = length of stroke of compressor in feet. 
A = effective area of cylinder in square inches. 
N = number of strokes per minute. 


For adiabatic compression of air in a single stage: 


ih p per 100 cu ft 
piston displacement 


= 1.51 P, (r°-2® — 1) 
per min| 


Since the values of n for the principal constituents of manu- 
factured gas do not differ substantially from that for air this 
formula may be applied to manufactured gas. 

For natural gas (when n = 1.275) the corresponding 
formula would be: 


ih p per 100 cu ft 
piston displacement > = 2.023 P,(r°-?!® — 1) 
per min 


Indicated horsepower must be divided by overall efficiency 
to obtain brake or delivered horsepower. 


Compression Temperatures 
For adiabatic compression 


n— 1 





absolute inlet temperature. 
T,, = absolute discharge temperature. 
, P, and r as indicated above. 


COMPRESSING 





AIR AND GAS 


Values of n for certain gases are as follows: 
Acetylene. ] 
ee l 
Ammonia. l 
Butane l 

Carbon Dioxide 1.304 

Carbon Monoxide 1.404 

Ethane. . 1.22 

1 
l 
l 
l 
l 
] 
l 


26 

403 
.310 

108 


Ethylene 
Hydrogen. . 
Methane. 
Nitrogen . 
Oxygen 
Propane 
Water Vapor 


255 
410 
31 
104 
401 
15 
324 


Theoretical horse power required to compress 100 cu ft of air 
from atmospheric pressure (14.7 Ib) to various 
gauge pressures: 
Adiabatic compression 


Discharge H. P. Discharge jg 
Pressure — Pressure 


lbs. Single Two lbs. Single Two 


gauge stage stage gauge stage stage 
5 1.9 80 15.9 13.7 
10 3.6 90 16.9 14.5 
15 5.0 100 18.0 15.4 
20 6.2 120 19.9 16.8 
25 7.4 140 21.6 18.0 
30 8.4 160 19.1 
35 9.4 180 20.1 
40 10.3 200 21.0 
45 11.1 250 23.0 
50 11.9 300 24.7 
55 12.6 400 27 .6 
60 13.3 500 29.8 
65 14.0 600 31.7 
70 14.6 12.8 
75 15.3 13.3 


| 
| 


Theoretical temperatures reached in compressing gas from 
atmospheric pressure (14.7 Ib) and 60 F to 
various gauge pressures. 


Discharge temperatures 


Discharge temperatures 
Single stage 


Two stage 
Discharge —— —— . aang 
pressure Mf’d gas Natural gas Mf’d gas Natural gas 


5 106 94 

10 144 12] 

15 177 145 

20 207 166 

25 234 184 

30 258 201 

35 280 216 

40 301 230 

15 320 243 177 145 
50 339 256 185 150 
55 356° 267 191 155 
60 373 279 198 160 
65 389 289 204 164° 
70 104 299 210 168° 
75 419 308 216 172° 
80 432 317 221 176 
90 459 334 231 183° 
100 484° 351 240 189° 
120 533 379 257 200 


569 405 








200 307 235° 
250 331 250 





Figures for manufactured gas are also applicable to air. 
Actual discharge temperatures will be somewhat less than 
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the above figures because of radiation and of heat carried off 
by the cooling water from the cylinder jackets. 


4] 











Approximate Brake Horse Power Required by Air 
Compressors per 100 cu ft of free air actually 
delivered. 


Two stage 
psig 


Single stage 

psig 
Altitude —_—— 
feet 


80 80 100 


Actual Delivery. The actual delivery of a single-stage com- 
pressor pumping to 100 lbs. gauge from atmosphere will be 
from 65 per cent to 80 per cent of its piston displacement, de- 
pending upon its clearance space and valve gear. A compound 
machine compressing to 100 Ibs. gauge with an inter-cooler 
pressure of about 27 Ibs. gauge will deliver from 80 per cent 
to 90 per cent of its piston displacement. 


Displacement. A convenient formula for calculating the 
displacement of a double acting cylinder is — square of the 
Diameter (inches) > R. P. M. .0009 
piston displacement (c.f.m.). This makes a reasonable 


stroke (inches) 
al- 
lowance for the piston rod on all piston sizes from about 5” 
diam. to about 30” diam. 


Data on Compression from ‘‘Compressed Air Data,’ Ingersoll-Rand Co. 


Two Stage Compression. Two stage compression is gen- 
erally used where the compression ratio r is in excess of 5 or 
6. An intercooler is used between the two stages. 


To secure the desired pressure with minimum work, equal 
work should be done in the two stages and the intermediate 
temperature of the gas should be reduced to that at the inlet. 


Then Pintermediate should be VP, x Ps 


Also the compression ratio in each stage should equal the 
square root of the over-all compression ratio. 


For manufactured gas (2 stage compression): 
Total i.h.p. per 100 cu. 


ft. piston displacement > 3.02P, (r°'4° — 
per min. 


1) 


For natural gas (2 stage compression with n = 1.275): 


Total i.h.p. per 100 cu. 
ft. piston displacement > 4.046 (r°.!°* — 
per min. 


1) 


BRAKE HORSE POWER FORMULA 


for compressing natural gas 


R 


5.16 124 log. R 
eo Mew 


= 0.97 — 0.03R 


where 


BHP = brake horse power required to compress one million 


cu ft of natural gas per day 


1 


ratio of compression = 


compressor discharge, psia 


compressor suction, psia 


factor for supercompressibility (assumed .022 per 
100 psia) 





BHP PER MILLION CU FT OF GAS COMPRESSED 


BHP Per Million 
C.F. per Day 
Natural Manufactured 

Gas Gas 


Ratio of 
( ‘ompression 


Ratio of 
Compression 


~) 


15 
20. 
25. 
28 . 
on: 
35. 
38. 
41. 
44. 
46 .; 
49. 
51 .! 
54 
56. 
58 .2 
61. 
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1c 
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BHP Per Million 


Natural Manufactured 
Gas 


~~ 
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BHP Per Million 
C.F. per Day C.F. per Day 


Natural Manufactured 
Gas Gas 


Ratio of 
Compression 


Gas 





| 
| 
| 
| 
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93. 
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97. 
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Clark Bros. Company 
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HIGH PRESSURE GAS FLOW. The Weymouth formula. 
This is considered to be the best known and most widely used 





formula. The original formula is as follows: 


e- oss ppt ee y 






P GTL 


o 







where 
Q = flow cubic feet per day under standard conditions 
(P,, and T,) 
d = internal diameter of pipe, inches 





T, = standard absolute temperature °F 






temperature of flowing gas—absolute °F 


standard pressure, psia 





P,, 
P, = initial pressure, psia 

P,, = terminal pressure, psia 

G = specific gravity of gas, air 1.0 
L 


length of pipe line, miles 


By assuming 






z — 60 460 — 520 F 
i P, = 14.73 psia 
T = 50 + 460 = 510 F 


the above formula is simplified to: 








(P,? — P,) d* 
O .='6/6.2 -- — 
GL 
or 
aay 
Q = 676.2 d® _ 
VY a 
The above formula assumes that gas acts inaccordance 





with the perfect gas laws. Since the deviation from the ideal 
gas relations is not normally significant with pressures below 
200 psi, the formulas are considered applicable to pipe line 
calculations up to line pressures of 200 psi. 





Where pressures in excess of the above value, correc- 
tion for supercompressibility should be applied. 





Loop Line Equivalents: A line composed of several 
lengths L,, L,, etc., of diameters d,, d,, etc., can be trans- 
formed into a single equivalent line of uniform diameter d,, 


by determining the equivalent length of each individual sec- 






d 
and adding these equivalent section lengths together to form 
an equivalent line of diameter d, and total length L,. 
To transform a length of pipe of diameter d and length 
L, to a pipe of equivalent capacity having a length L,, the 


- d, 
tion by means of formula L,,, = L,( 






diameter of the equivalent section will be d a( *) 





The diameter of a single pipe having a capacity equivalent 





to the aggregate capacity of several parallel, or looped lines 
of a common length and of diameters d,, d,, etc., 


d. = {d° 





is equal to 


= [= d*’s}*" 








+ d,*? + — etc.,}°*” 
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If the several loops have different lengths, the actual diam- 
eters of the loops must first be transfored into equivalent 
diameters of pipe having a common length and these equiva- 
lent diameters then be added in accordance with the formula 
just given. 


Values of (d)*’* and (d)!*’* 


(Note — d8/3 = V d16/3) 
Diameter (d), inches 
External Internal (d)§/3 (d)!6/3 
2.3/5 2.067 6.933 18 .063 
3.500 3.068 19.87 394 .99 
4.500 4.026 41 .02 1,682.6 
6.625 6.040 121.0 14,640 
6.625 6.125 125.6 15,773 
6.625 6.250 132.5 17,567 
8.625 8.071 262.1 68,700 
8 .625 8.125 266.8 71,182 
8.625 8.185 272.1 74,035 
10.000 9 625 $19.2 175,710 
10.750 10.192 {88 .3 238,440 
10.750 10.250 495 .7 245,760 
12.750 12.090 770.0 592,870 
12.750 12.188 786.7 618,920 
12.750 12.250 797 .5 635,930 
14.000 13 .500 1033 .3 1,067,600 
15.000 14.500 1250.2 1,563,000 
16.000 15.250 1430 .2 2,045,400 
16.000 15.375 1461.7 2,136,500 
16.000 15.500 1493 .5 2,230,600 
18 .000 17.250 1986 .6 3,946,500 
18.000 17.375 2025 .3 4,101,600 
18.000 17.500 2064.3 4,261,400 
20 .000 19 .250 2661 .6 7,084,200 
20 .000 19.375 2707 .9 7,333,000 
20 .000 19.432 2729.3 7,449,200 
22 .000 21.125 3410.4 11,631,000 
22 .000 21.375 3519.1 12,384,000 
22 .000 21.500 3574.1 12,775,000 
24.000 23 . 125 4340.8 18,843,000 
24.000 23.375 1466.8 19,953,000 
24 .000 23 .500 4531.0 20,529,000 
26 .000 25.125 5415.4 29,326,000 
26 .000 25 .500 5633 .4 31,736,000 
28 .000 27 .125 6642 .3 44,120,000 
28 .000 27 .500 6889 .8 17,471,000 
30.000 29.125 8030.0 64,482,000 
30.000 29 .500 8308 .3 69,030,000 


Formula for Determining Mean Pressure 


(P,,) in Pipe Line 


> y Fe 
Py = sa(P, +P, — py :-) 


Supercompressibility Factor 





If a flow formula, which does not reflect the deviation 
from the ideal gas law, is used for problems involving pres- 
sures above 200 Ibs., its results may be corrected by apply- 
ing the following supercompressibility factor. 


Supercompressibility Factor = \/1 +4. .0002P,, 















PANHANDLE FORMULA 


This formula is used by many companies for the calcula- 
tion of gas flow in large diameter (12 in. and larger) transmis- 
sion lines. 


BASIC PANHANDLE FORMULA 
= 435.87e T. ee P,*) | "4 6182 
uceiieosinaas 8 Gump) 


Substituting: 
= Base temperature = 60° + 460 520° abs 
= Base pressure = 14.73 psia 
Flowing temperature = 50° + 460 510 
Gravity of gas = 0.686 (Panhandle gas) 
where: 


abs 


Initial pressure 

Fin: psia 
Length of line in miles 
Diameter of pipe in inches 
Experience factor 


Hei Ul il 


the equation can be resolved to: 


Pt ee | 
Q/d2-s182 — 839.51e( —— +) 


CLARK FORMULA 
80.8 z M(P,-2P,: 


parse i. 


) 41 

E, 
where Q = quantity of gas transported in cubic feet per day 
measured at P, and T, 


= Density of gas, pounds per cubic foot at P, and T,, 
Absolute viscosity of gas, pounds per foot-second. 
Inside diameter of pipe, inches. 

Molecular weight of gas, pounds per mole. 
Discharge pressure from compressors, lb per sq in 
abs. 
» = Suction pressure to compressors, Ib per sq in. abs. 
L Distance between compressor stations, miles. 
- Average deviation factor. 
T: Flowing temperature, °R. 
E = Experience factor for adjustment of formula. 

For any gas line which is normally handling the same type 
of fluid at approximately constant temperature, the equation 
may be simplified by combining into a single term the expres- 
sion for the gas density, the gas viscosity, molecular weight, 
temperature, and the numerical constant. Under normal con- 
ditions, the viscosity term will not influence the results greatly 
because a 30 per cent change in absolute value of the vis- 
cosity will cause only about 2.7 per cent change in the com- 
puted quantity of gas flowing. Thus, once the gas viscosity is 
determined for an operating line, small variations from the 
conditions under which it was determined will not influence 
the accuracy of the equation appreciably. The condensed 
form of the equation is then: 

(1 — 1/Cr? te 
; E, 


eal ne 


80.8 0.541 
i pn” 0814. 


and Cr = i ratio, P,/P, 


Y 





where K, = 


High Pressure Pipe Line Research.'’ Copyright 1942, Clark Bros. Co., Inc 





LOW PRESSURE GAS FLOW 


For distribution system problems the Spitzglass formulas 
are: 
FOR PRESSURES NOT EXCEEDING ONE 


GAUGE: 
Q=35s0k(<,)” 
SL 
Where: 


Q = Flow per hour in cubic feet of gas at 14.73 psi abso- 
lute (30” Hg.) and 60 F. 

H = Pressure drop in inches of water column 

S = Specific gravity of gas. Air = 1.0. 

L = Length of pipe in feet. 

d = Internal diameter of pipe in inches 


d® ee lA 
a= ? = al 
d 


FOR PRESSURES EXCEEDING ONE POUND GAUGE: 


Pa\ % 
Q = 4830 K (5 SI *) 
Where: 


Q = Flow per hour in cubic feet of gas at 14.73 psi abso- 
lute (30” Hg.) and 60 F. 

P = Pressure drop between pipe terminals in pounds per 
square inch. 
Average pressure in pipe line, pounds per square inch 
absolute. (Absolute initial pressure minus half the 
pressure drop.) 
Specific gravity of gas. Air = 1.0. 


POUND 


Length of pipe in feet. 
Internal diameter of pipe in inches. 


d° “ 


3.6 ay 
( -——+ aan 
. d 


Values of Va 


Di: ameter (d) 
inches (internal) 


/di 


4871 
6163 
1.000 
vIpe) L127 
eee... 3.255 2.237 


(|. ee ee 

824 (34” pipe)... . 
1.000 
049 (1” 

38 (14 
is. Jae ; 2.756 
1.61 (114” 3.289 
200: .. ; 5.657 
2.067 (2” pipe) . 6.143 
2.479 (214 pipe) . 9.579 


3.00. 15.59 
3.068... 


16.49 
ae: .. 32.00 
4.026. 


32.52 
6.00. 88.18 


ry 00 181.0 
10.00 316.2 
12.00 498.8 
16.00. . 1024 
20.00. 1789. 


24 00. 2822 
30.00 4930 
36 .00 777 








7776. 
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VALVE AND FITTING RESISTANCE TO FLUID FLOW 











Globe Valve, Open 


Saas 


4 


Angle Valve, Open ae 





ral 
Standard Tee 
Through Side Outlet 


Standard Elbow or run of| 
Tee reduced 4 


SB 


Medium Sweep Elbow or _| 
run of Tee reduced 4 ~~ 


GB 


Long Sweep Elbow or ——— 
run of Standard Tee 



































Gate Valve 
34 Closed 
V4 Closed 
— 14 Closed 
Fully Open 


4 











- Ordinary Entrance 


+p =n 














Sudden Contraction 
d/p-'4 


d/p=-3% 


S 


——— 45° Elbow 


that the resistance of a 









Example indicated by the dotted line shows 


in equivalent to 16 ft. of standard 6-in. pipe. 





standard 6-in. elbow 





For sudden enlargements or 
+ 3000 sudden contractions, use the 
smaller diameter, d, on the 


+ 2000 pipe size scale. 
+1000 

: o~t 
- 36—+. 






“ 7 Fe 
> a 2 
oe 
a x x 
-30 = 10——-10 3 
r. a a ——- « 
colt Se eee 
DD iw a 
~ a 7— Hy] 
6 3 6+ F 
- 10 = & 4 a 
e x E 444—4+ 2 
-5  § .. 7 
a — — — 
rr. 7+ 
+3 & r-| =. 
[*-@ :. = 
2 Zz 
= 244—_T 
a ee 
I] 
: i‘1—| 
a y— 
- 0.5 
0.3 . ~~ 
1 4 
0.2 4 
4 





L 0.5 


—Chart courtesy Crane Co. 
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Gas Transmission and Distribution 


Piping Systems 


Scope and Intent 

804.1 Section 8 of the American Standard Code for 
Pressure Piping covers the design, fabrication, installation, 
inspection, testing, and the safety aspects of operation and 
maintenance of gas transmission and distribution systems, 
including gas pipe lines, gas compressor stations, gas metering 
and regulating stations, gas mains, and gas services up to the 
outlet of the customer’s meter set assembly. Also included 
within the scope of this section are gas storage equipment of 
the closed pipe type fabricated or forged from pipe or fabri- 
cated from pipe and fittings, and gas storage lines. 

804.2 The requirements of Section 8 also cover the con- 
ditions of use of the elements of the piping systems described 
in 804.1, including, but not limited to, pipe, valves, fittings, 
flanges, bolting, gaskets, regulators, pressure vessels, pulsa- 
tion dampeners, and relief valves. 

804.4 The requirements of Section 8 are adequate for 
safety under conditions normally encountered in the gas 
industry. Requirements for abnormal or unusual conditions 
are not specifically provided for, nor are all details of engi- 
neering and construction prescribed. It is intended that all 
work performed within the scope of this section shall meet 
or exceed the safety standards expressed or implied herein. 

804.5 Section 8 is concerned with: (a) Safety of the gen- 
eral public. (b) Employee safety to the extent that it is affected 
by basic design, quality of the materials and workmanship, 
and requirements for testing and maintenance of gas trans- 
mission and distribution facilities. Existing industrial safety 
regulations pertaining to work areas, safety devices, and safe 
work practices are not intended to be supplanted by this code. 


ASA Units and Definit.ons 


Pressure Terms 

Pressure unless otherwise stated is expressed in pounds per 
square inch above atmospheric pressure, i.¢., gauge pressure. 
(Abbreviation — psig) 

Design pressure is the maximum operating pressure per- 
mitted by this code, as determined by the design procedures 
applicable to the materials and locations involved. 

Maximum allowable test pressure is the maximum internal 
fluid pressure permitted by this code for testing for the ma- 
terials and locations involved. 

Maximum actual operating pressure is the maximum oper- 
ating pressure existing in a piping system during a normal 
annual operating cycle. 

Maximum allowable operatnig pressure is the maximum 
pressure at which a piping system may be operated in accord- 
ance with the provisions of this code. It is the pressure used 





Pages 46-58 are extracted from American Standard 
Gas Transmission and Distribution Piping Systems 
(ASA B31.1.8—1955—Section 8 of American Stand- 
ard Code for Pressure Piping [ASA B31.1—1955}, 
with the permission of the publishers, The American 
Society of Mechanical Engineers, 29 West 39th Street, 
New York 18, New York.) 











in determining the setting of pressure relieving or pressure 
limiting devices installed to protect the system from acci- 
dental over-pressuring. 

Standard service pressure is the gas pressure which a utility 
undertakes to maintain on its domestic customers’ meters. 
(Sometimes called the normal utilization pressure.) 


Pressure Control 


Pressure relief station consists of equipment installed for 
the purpose of preventing the pressure on a pipe line or distri- 
bution system to which it is connected from exceeding by 
more than an established increment the maximum allowable 
operating pressure, by venting gas to the atmosphere when- 
ever the pressure tends to rise too high. (See 805.14 and 
845.71.) 

Pressure limiting station consists of equipment installed for 
the purpose of preventing the pressure on a pipe line or dis- 
tribution system from exceeding the maximum allowable 
operating pressure, by controlling or restricting the flow of 
gas when abnormal conditions develop. 

Pressure regulating station consists of equipment installed 
for the purpose of automatically reducing and regulating the 
pressure in the downstream pipe line or main to which it is 
connected. Included are piping and auxiliary devices such as 
valves, control instruments, control lines, the enclosures and 
ventilating equipment. 

Service regulator is a regulator installed on a gas service to 
control the pressure of the gas delivered to the customer. 

Monitoring regulator is a pressure regulator set in series 
with another pressure regulator for the purpose of automati- 
cally taking over in an emergency the control of the pressure 
downstream of the station in case that pressure tends to 
exceed a set maximum. 

Stress is the resultant internal force that resists change in 
the size or shape of a body acted on by external forces. In 
this code “stress” is often used as being synonymous with 
unit stress which is the stress per unit area (psi). 

Operating stress is the stress in a pipe or structural member 
under normal operating conditions. 

Hoop Stress is the stress in a pipe wall, acting circumfer- 
entially in a plane perpendicular to the longitudinal axis of 
the pipe and produced by the pressure of the fluid in the 
pipe. 

Maximum allowable hoop stress is the maximum hoop 
stress permitted by this code for the design of a piping sys- 
tem. It depends upon the material used, the location of the 
pipe, and the operating conditions. 

Secondary stress is stress created in the pipe wall by loads 
other than internal fluid pressure. For example, backfill 
loads, traffic loads, beam action in a span, loads at supports 
and at connections to the pipe. 

Nominal wall thickness (t) is the wall thickness computed 
by the design equation in 841.1. Under this code pipe may 
be ordered to this computed wall thickness without adding 
an allowance to compensate for the underthickness tolerances 
permitted in approved specifications. 

Temperatures are expressed in degrees Fahrenheit (°F.) 
unless otherwise stated. 

Ambient temperature is the temperature of the surround- 
ing medium, usually used to refer to the temperature of the 
air in which a structure is situated or a device operates. 
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DIAGRAM SHOWING SCOPE OF SECTION 8 OF ASA B31.1 


Facilities indicated by Solid Lines are within the Scope of Section 8 of ASA B31.1 
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Ground temperature is the temperature of the earth at pipe 
depth. 

Cold-springing where used in the code is the fabrication 
of piping to an actual length shorter than its nominal length; 
and forcing it into position, so that it is stressed in the erected 
condition; thus compensating partially for the effects pro- 
duced by the expansion due to an increase in temperature. 
Cold spring factor is the ratio of the amount of cold spring 
provided, to the total computed temperature expansion. 


Welding, Strength of Materials, and Metallurgical Terms 

Yield strength is the strength at which a material exhibits 
a specified limiting permanent set, or produces a specified 
total elongation under load. The specified limiting set or 
elongation is usually expressed as a percentage of gauge 
length, and its values are specified in the various material 
specifications acceptable under this code. 

Tensile strength is the highest unit tensile stress (referred 
to the original cross-section) a material can sustain before 
failure (psi). 

Specified minimum yield strength is the minimum yield 
strength prescribed by the specification under which pipe is 
purchased from the manufacturer (psi). 

Specified minimum tensile strength is the minimum tensile 
strength prescribed by the specification under which pipe 
is purchased from the manufacturer (psi). 

Specified minimum elongation is the minimum elongation 
(expressed in per cent of the gauge length) in the tensile test 
specimen, prescribed by the specifications under which the 
material is purchased from the manufacturer. 

Alloy steel. By common custom steel is considered to be 
alloy steel when the maximum of the range given for the 
content of alloying elements exceeds one or more of the 
following limits: 


manganese ot as 
silicon 
copper 


1.65% 
.60% 
.60% 


of in which a definite range or a definite minimum quantity 
of any of the following elements is specified or required 
within the limits of the recognized field of constructional 
alloy steels: 


aluminum 

boron 

chromium up to 3.99% 

cobalt 

columbium 

molybdenum 

nickel 

titanium 

tungsten 

vanadium 

zirconium 
or any other alloying element added to obtain a desired 
alloying effect. 

Carbon steel. By common custom steel is considered to be 
carbon steel when no minimum content is specified or re- 
quired for aluminum, boron, chromium, cobalt, columbium, 
molybdenum, nickel, titanium, tungsten, vanadium or zir- 
conium, or any other element added to obtain a desired 
alloying effect; when the specified minimum for copper does 
not exceed 0.40 per cent; or when the maximum content 
specified for any of the following elements does not exceed 
the percentages noted: manganese 1.65, silicon 0.60, copper 
0.60. 

Pipe and Piping Terms 

Pipe is a tubular product made as a production item for 
sale as such. Cylinders formed from plate in the course of 
the fabrication of auxiliary equipment are not pipe as defined 
here. 


48 


Pipe line or transmission line is a pipe installed for the pur- 
pose of transmitting gas from a source or sources of supply 
to one or more distribution centers or to one or more large 
volume customers or a pipe installed to interconnect sources 
of supply. In typical cases pipe lines differ from gas mains in 
that they operate at higher pressures, they are longer, and 
the distance between connections is greater. 

Gas main or distribution main is a pipe installed in a com- 
munity to convey gas to individual services or other mains. 

Gas service is the pipe that runs between a main or a pipe 
line and a customer’s meter. 

Low-pressure distribution system is a gas distribution 
piping system in which the gas pressure in the mains and 
services is substantially the same as that delivered to the cus- 
tomer’s appliances. In such a system a service regulator is 
not required on the individual services. 


High-pressure distribution system is a gas distribution pip- 
ing system which operates at a pressure higher than the 
standard service pressure delivered to the customer. In such 
a system a service regulator is required on each service to 
control the pressure delivered to the customer. 

Length is a piece of pipe of the length delivered from the 
mill. Each piece is called a length regardless of its actual 
dimensions. This is sometimes called “joint” but “length” is 
preferred. 

Cold expanded pipe is seamless or welded pipe which is 
formed and then expanded in the pipe mill while cold so 
that the circumference is permanently increased by at least 
.50 per cent. 


Gas storage line is a pipe line used for conveying gas be- 
tween a compressor station and a gas well used for storing 
gas underground. 

Instrument piping is all piping, valves, and fittings used to 
connect instruments to main piping, to other instruments and 
apparatus, or to measuring equipment. 


Control piping is all piping, valves, and fittings used to 
interconnect air, gas, or hydraulically operated control appa- 
ratus or instrument transmitters and receivers. 


Sample piping is all piping, valves, and fittings used for the 
collection of samples of gas, steam, water, or oil. 


Miscellaneous Terms 


Private rights of way as used in this code are rights of way 
that are not located on roads, streets or highways used by the 
public, or on railroad rights of way. 


Operating company as used here is the individual, partner- 
ship, corporation, public agency, or other entity that operates 
the gas transmission or distribution facilities. 

Proprietary items are items made and marketed by a com- 
pany having the exclusive right to manufacture and sell them. 


Location class is a geographic area classified according to 
its approximate population density and its other character- 
istics that are considered when prescribing types of constryuc- 
tion and methods of testing pipe lines and mains to be located 
in the area. 

Construction type is a construction specification for pipe 
lines and mains that fixes the stress levels. (See Table 841.02.) 

One mile population density index is a number roughly 
proportional to population density, applicable to a specific 
| mile length of pipe line or main and used in some cases to 
determine design and/or test requirements. (See 841.001.) 

Ten mile population density index is a number roughly pro- 
portional to population density, applicable to a specific 10 
mile length of pipe line or main and used in some.cases to 
determine design and/or test requirements. (See 841.001.) 

Gas as used in this code is any gas or mixture of gases suit- 
able for domestic or industrial fuel and transmitted or dis- 
tributed to the used through a piping system. The common 
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types are natural gas, manufactured gas, and liquefied petro- 
leum gas distributed as a vapor with or without the admix- 
ture of air. 


Miscellaneous Facilities 

Customer's meter is a meter which measures gas delivered 
to a customer for consumption on his premises. 

Service shut-off is a valve or cock readily accessible and 
operable by the customer, located in a service pipe between 
the gas main and the meter. 

Curb shut-off is a buried valve or cock installed in a service 
pipe at or near the property line and accessible through a 
valve box and cover and operable by a removable key. 

Pipe container is a gas-tight structure assembled in a shop 
or in the field from pipe and end closures. 

Pipe-type holder is any pipe-container or group of inter- 
connected pipe-containers installed at one location, and used 
for the sole purpose of storing gas. 

Bottle as used in this code is a gas-tight structure com- 
pletely fabricated from pipe with integral drawn, forged, or 
spun end closures and tested in the manufacturer’s plant. 


Bottle-type holder is any bottle or group of interconnected 
bottles installed in one location, and used for the sole purpose 
of storing gas. 


Stop valve is a valve installed for the purpose of stopping 
the flow of fluid in a pipe. 

Hot taps are branch piping connections made to operating 
pipe lines or mains or other facilities while they are in opera- 
tion. The connection of the branch piping to the operating 
line and the tapping of the operating line is done while it is 
under gas pressure. 


Leakage Investigation Terms 


Leakage surveys are systematic surveys made for the pur- 
pose of locating leaks in a gas piping system. Three types of 
surveys are referred to in this code and defined below. The 
significant difference between the three is the manner in which 
the presence of a leak is first detected. They all involve verifi- 
cation of the presence of a leak and its location, as for ex- 
ample, by the driving or boring of test holes in the vicinity 
of the leak and testing the atmosphere in these holes with a 
combustible gas detector or other suitable device. 


Vegetation surveys are leakage surveys made for the pur- 
pose of finding leaks in underground gas piping by observing 
vegetation. 


Gas detector surveys are leakage surveys made by testing 
with a combustible gas detector the atmosphere in water 
meter boxes, street vaults of all types, cracks in pavements 
and other available locations where access to the soil under 
pavement is provided. 

Bar test surveys are leakage surveys made by driving or 
boring holes at regular intervals along the route of an under- 
ground gas pipe and testing the atmosphere in the holes with 
a combustible gas detector or other suitable device. 


Materials and Equipment 


810.1 It is intended that all materials and equipment that 
will become a permanent part of any piping system con- 
structed under this code shall be suitable and safe for the 
conditions under which they are used. All such materials and 
equipment shall be qualified for the conditions of their use 
by compliance with certain specifications, standards, and spe- 
cial requirements of this code or otherwise as provided herein. 


Welding Inspection and Tests 
828.1 Inspection of Welds on Piping Systems Intended to 
Operate at Less Than 20 per cent of the Specified Minimum 
Yield Strength. The quality of welding should be checked 
visually on a sampling basis, and if there is any reason to be- 
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lieve that the weld is defective, it shall be removed from the 
line and tested in accordance with the specification or it may 
be subject to a non-destructive test as outlined in 828.2. 

828.2 Inspection and Tests of Welds on Piping Systems 
Intended to Operate at 20 per cent or More of the Specified 
Minimum Yield Strength. 


(a) The quality of welding should be checked by non- 
destructive tests or by removing completed welds as selected 
and designated by the operating company. Non-destructive 
testing may consist of radiographic examination, magnetic 
particle testing, or other acceptable methods. The tre-panning 
method of non-destructive testing is prohibited. 

(b) When radiographic examination is employed, the pro- 
cedure set forth in API Standard 1104 (Standard for Field 
Welding of Pipe Lines) shall be followed; and the number 
and location of welds examined shall be at the discretion of 
the operating company. 

(c) Completed welds which have been removed for inspec- 
tion shall, to be acceptable, successfully meet the testing re- 
quirements outlined under the welder qualification procedure, 
and in addition, shall meet the standards of acceptability con- 
tained in 829. 

829 Standards of Acceptability of Welds on Pipe Lines 
Intended to Operate at 20 per cent or More of the Specified 
Minimum Yield Strength. (These requirements are identi- 
cal with the requirements of API 1104.) 

829.1 Inadequate Penetration and Incomplete Fusion. 
Any individual inadequate penetration or incomplete fusion 
shall not exceed 1 inch in length. In any 12-inch length of 
weld, the total length of inadequate penetration or incom- 
plete fusion shall not exceed 1 inch. The total length of the 
inadequate penetration or incomplete fusion in any two suc- 
ceeding 12-inch lengths shall not exceed 2 itiches and indi- 
vidual defects shall be separated by at least 6 inches of sound 
weld metal. 

829.2. Burn-Through Areas. Any individual burn- 
through area shall not exceed % inch in length. In any 12- 
inch length of weld, the total length of burn-through area 
shall not exceed 1-1% inches. The total length of burn- 
through area in any two succeeding 12-inch lengths shall not 
exceed 3 inches, and individual defects shall be separated by 
at least 6 inches of sound weld metal. 

829.3 Elongated Slag Inclusions. Any elongated slag in- 
clusion shall not exceed 2 inches in length or 1/16 inch in 
width. In any 12-inch length of weld, the total length of 
elongated slag inclusions shall not exceed 2 inches. The total 
length of elongated slag inclusions in any two succeeding 
12-inch lengths, shall not exceed 4 inches, and individual 
defects shall be separated by at least 6 inches of sound weld 
metal. Parallel slag lines shall be considered as individual 
defects if they are wider than 1/32 inch. 

829.4 Isolated Slag Inclusions. The maximum width of 
any isolated slag inclusion shall not exceed ¥% inch. In any 
12-inch length of weld, the total length of isolated slag inclu- 
sions shall not exceed 1 inch, nor shall there be more than 
four isolated slag inclusions of the maximum width of % 
inch in this length. Any two such inclusions shall be separated 
by 2 inches of sound weld metal. In any 24-inch length of 
weld, the total length of isolated slag inclusions shall not 
exceed 2 inches. 

829.5 Gas Pockets. The maximum dimensions of any 
individual gas pocket shall not exceed % inch. Maximum 
distribution of gas pockets shall not exceed that shown in 
Figures 3 and 4 of API Standard 1104. 

829.6 Cracks. No welds containing cracks, regardless of 
size or location shall be acceptable until such welds have been 
repaired in conformance with 829.9. 

829.7 Accumulation of Discontinuities. Any accumula- 
tion of discontinuities having a total length of more than 2 
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inches in a weld length of 12 inches is unacceptable. Any 
accumulation of discontinuities which total more than 10 per 
cent of the weld length of a joint is unacceptable. 


829.8 Undercutting. Undercutting adjacent to the cover 
bead on the outside of the pipe shall not exceed 1/32 inch 
in depth and 2 inches in length. Undercutting adjacent to the 
root bead on the inside of the pipe shall not exceed 2 inches 
in length. 

829.9 Repair of Defects. 


(a) Except as provided in (g) below, defective welds shall 
be repaired or removed from the pipe line at the request of 
the company representative. The company may authorize 
repairs of defects in the root and filler beads, but any weld 
that shows evidence of repair work having been done with- 
out authorization by the company may be rejected. 


(b) Minor cracks in the surface and filler beads may be re- 
paired when so authorized by the company, but any crack 
penetrating the root bead or the second bead shall be cause 
for complete rejection of the weld. The entire weld shall be 
cut from the pipe line and replaced. Minor cracks shall be 
defined as cracks visible in the surface bead and not over 2 
inches in length. 


(c) Before repairs are made, injurious defects shall be re- 
moved by chipping, grinding, or oxygen gouging to clean 
metal. All slag and scale shall be removed by wire brushing. 

(d) It is recommended that all such areas be preheated be- 
fore the repair weld is started. 

(e) Repaired areas shall be carefully inspected and radio- 
graphed when considered necessary. 


(f) No further repairs shall be allowed in repaired areas. 


(g) Repairs may be made to pin holes and undercuts in 
the final bead without authorization, but must meet with the 
approval of the company. 


Piping System Components 


831 All components of piping systems, including valves, 
flanges, fittings, headers, special assemblies, etc., shall be de- 
signed to withstand operating pressures, and other specifjed 
loadings, with unit stresses not in excess of those permitted 
for comparable material in pipe in the same location and type 
of service. Components shall be selected that are designed to 
withstand the field test pressure to which they will be sub- 
jected, without failure or leakage, and without impairment 
of their serviceability. 


Design, Installation, and Testing 

840.1 General Provisions. The design requirements of the 
code are intended to be adequate for public safety under all 
conditions usually encountered in the gas industry. How- 
ever, special conditions that may cause additional stress in 
any part of a line or its appurtenances shall be provided for, 
using good engineering practice. Examples of such special 
conditions include: long self-supported spans, unstable 
ground, mechanical or sonic vibrations, weight of special 
attachments, and thermal forces other than seasonal. 


Steel Pipe 
841.001 Population Density Indices 


(a) Two population density indices, determined at the time 
of initial construction, are used to classify locations for de- 
sign and testing purposes: (1) the one-mile density index, 
which applies to any specific mile of pipe line; and (2) the 
ten-mile density index, which applies to any specific ten-mile 
length of pipe line. 

(b) To determine the one-mile density indices for a pro- 
posed pipe line, lay out a zone one-half mile wide along the 
route of the pipe line with the pipe line on the center line of 
this zone. Divide the zone into lengths, each containing one 
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mile of pipe line. Count the number of buildings intended tor 
human occupancy in each of these lengths. These numbers 
are the one-mile indices for the pipe line. 

(c) To determine the ten-mile density indices for any 
given ten-mile length of pipe line, proceed as follows: Add 
the one-mile density indices for the ten-mile section. In case a 
one-mile index equals or exceeds 20, it is to be included in 
the sum as 20. Divide the sum thus obtained by 10. The 
quotient is the ten-mile density index for the section. 


Classification of Locations 


841.011 Class 1 Locations. Class 1 locations include 
waste lands, deserts, rugged mountains, grazing land, and 
farm land, and combinations of these; provided, however, 
that: 

(a) The ten-mile density index for any section of the line 
is 12 or less. 

(b) The one-mile density index for any one mile of line is 
20 or less. See Note (1). 

841.012 Class 2 Locations. Class 2 locations include 
areas where the degree of development is intermediate be- 
tween Class 1 locations and Class 3 locations. Fringe areas 
around cities and towns, and farm or industrial areas where 
the one-mile density index exceeds 20 or the ten-mile density 
index exceeds 12 fall within this location class. 

Note (1): It is not intended that a full mile of lower- 
stress-level pipe line shall be installed if there are physical 
barriers or other factors that will limit the further expansion 
of the more densely populated area to a total distance of less 
than 1 mile. It is intended, however, that where no such 
barriers exist, ample allowance shall be made in determining 
the limits of the lower-stress design to provide for probable 
further development in the area. 

841.013 Class 3 Locations. Class 3 locations include areas 
subdivided for residential or commercial purposes where, at 
the time of construction of the pipe line or piping system, 16 
per cent or more of the lots abutting on the street or right-of- 
way in which the pipe is to be located are built upon, and a 
Class 4 classification is not called for. This permits classify- 
ing as Class 3, areas completely occupied by commercial or 
residential buildings with the prevalent height of three stories 
or less. 

841.014 Class 4 Locations. Class 4 locations include 
areas where multistory: buildings are prevalent, and where 
traffic is heavy or dense and where there may be numerous 
other utilities underground. 

841.015 It should be emphasized that Location Class 
(1, 2, 3 or 4), as described in the foregoing paragraphs, is 
defined as the general description of a geographic area hav- 
ing certain characteristics as a basis for prescribing the types 
of construction and methods of testing to be used in those 
locations or in areas that are respectively comparable. A 
numbered Location-Class refers only to the geography of that 
location or a similar area, and does not necessarily indicate 
that a corréspondingly numbered Construction-Type will 
suffice for all construction in that particular location or area. 
Example: In Locating Class 1, all aerial crossings require 
Type B construction. (See 841.143) 

841.016 When classifying locations for the purpose of de- 
termining the type of pipe line construction and testing that 
should be prescribed, due consideration shall be given to the 
possibility of future development of the area. If at the time 
of planning a new pipe line this future development appears 
likely to be sufficient to change the location class, this should 
be taken into consideration in the design and testing of the 
proposed pipe line. 

It is also anticipated that some increase in population den- 
sity will occur in all areas after a line is constructed, and this 
possibility has been taken into account in establishing the de- 
sign, construction, and testing procedures for each location 
class. 
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Note (1): Multistory means 4 or more “floors” above 
ground including the first or ground floor. The depth of 
basements or number of basement floors is immaterial. 

841.1 Steel Pipe Design Formula. The design pressure 
for steel piping systems or the normal wall thickness for a 
given design pressure shall be determined by the following 
formula: 


2St 
P=—xFXxExT 
D x 


(For exceptions see 841.4) 


Where: 


P = Design pressure, psig 


S = Specified minimum yield strength, psi, stipulated in the 
specifications under which the pipe was purchased from 
the manufacturer or determined in accordance with 
811.27 H. The specified minimum yield strengths of 
some of the more commonly used piping steels, whose 
specifications are incorporated by reference herein, are 
tabulated for convenience in Appendix “C”. For special 
limitation on S see 841.14 (e) and (f). 


Nominal outside diameter of pipe, inches. 
= Nominal wall thickness, inches. 
= Construction type design factor obtained from 841.11. 
E = Longitudinal joint factor obtained from 841.12. 
T = Temperature derating factor obtained from Table 





Values of Design Factor “F”’ 





Construction Type 
(See 841.02) Design Factor F 


Type —A 0.72 
Type — B 0.60 
Type —C 0.50 
Type — D 0.40 
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Table*841.12 
Longitudinal Joint Factor “E” 





Spec. Number Pipe Type 





ASTM AS53 Seamless 
Electri¢ Resistance 

Welded 
Furnace Lap Welded 
Furnace Butt Welded d 
Ee OS ee ee 1.00 
Electric Fusion 

Welded 
Electric Resistance 

Welded 
Electric Fusion 

Welded 
Electric Fusion 

Welded 
Ee ee cee 
Electric Resistance 

Welded 
Electric Flash Welded 
Furnace Lap Welded 
Furnace Butt Welded 
Seamless 
Electric Resistance 

Welded 
Electric Flash Welded 
Submerged Arc Welded... . 


ASTM A106 
ASTM A134 


ASTM A135 
ASTM A139 
ASTM A155 


API SL 


Table 841.13 
Temperature Derating Factor “T” For Steel Pipe 


Temperature 
Degrees Fahrenheit 


200° F. or less 1.000 
300° F. 0.967 
350° F. 0.933 
400° F. 0.900 


Temperature Derating 
Factor “T”’ 








450° F. 0.867 


NOTE: For intermediate temperatures interpolate for derat- 
ing factor. 





CLASSIFICATION OF STEEL PIPE CONSTRUCTION”? 


Four types of steel pipe construction are prescribed in this code. The distinguishing charac- 
teristics of each type and the locations in which each type shall be used are as follows: 


A. Characteristics 





1. Design Factor F 
(See 841.11) 





Locations where type 
of construction shall 
be used. 





Type A 
construction 


On private rights of | (a) 
way in class I locat- 
ions. 

Parallel encroach- (b) 
ments on: 

Privately owned 

roads in class 1 

locations. 

Unimproved roads 

in class 1 locations 


Crossings without 
casings of privately 
owned roads in class 
1 locations 


Crossings in casings 
of unimproved 
public roads hard- 
surfaced roads high- 
ways or public 
streets and railroads 
in class 1 locations 


Type B 
construction 


60 


, | 
On private rights of 


way in class 2 
locations. 


Parallel encroach- 
ments on: 

Privately owned 
roads in class 2 
locations. 
Unimproved public | 
roads in class 2 
locations. 

Hard surfaced 

roads, highways or 
publie streets and 
railroads in class 1 
locations. 


| 


Crossings without 
casings of: | 
Privately owned 
roads in class 2 
locations. 
Unimproved public 
roads in class 2 
locations. 

Hard surfaced 
roads, highways or | 
public streets and | 
railroads in class 1 | 
and class 2 

locations. 


(a) 


(b) 


(c) 


Type C 
construction 


Type D 
construction 


.50 40 


On private rights of | (a) In all locations in 
way in class 3 
locations. 


location class 4. 


Parallel encroach- 
ments on: 


| 
Privately owned 
roads in class 3 | 
locations. | 


Unimproved public 
roads in class 3 
locations. 

Hard surfaced 
roads, highways or 
public streets and 
railroads in class 3 
locations. 


Crossings without 
casings of: 
Privately owned 
roads in class 3 
locations. 
Unimproved public 
roads in class 3 
locations. 

Hard surfaced 
roads, highways or 
public streets and 
railroads in class 2 
and 3 locations. 


Crossings in casings | (qd) Compressor station 


of: 
Hard surfaced 
roads, highways or | 
publie streets and] 
railroads in class 2 
locations 


On bridges in class 
1 and class 2 
locations. 

(See 841.143) 


| 
| 
| 
| 


Fabricated 
assemblies in pipe 
lines in location 
classes 1 and 2 
(See 841.142) 


piping. 








(1) It is necessary to distinguish between construction types, as defined by Section A of this table, and location classes, as defined in 841.01, to avoid con- 
fusion. If pipelines or mains are located in private rights of way, the code prescribes that Type A construction be used in Class 1 locations, Type B 
construction in Class 2 locations, Type C construction in Class 3 locations, and Type D construction in Class 4 locations. There are many exceptions 


to this association of Class 1 with Type A, etc., however, as Table 841.02 shows, most of which are cases where pipelines or mains are located in high- 
ways or on bridges, etc. 
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CONSTRUCTION TYPES REQUIRED FOR PARALLEL ENCROACHMENTS OF PIPELINES AND 
MAINS ON ROADS AND RAILROADS 


Construction Type Required 


Kind of Location Location Location Location 


Thoroughfare class 1 class 2 class 3 class 4 





(a) Privately owned roads 





Type Type B Type C Type D 















(b) Unimproved publie roads [ype A Type B Type C Type D 
















(ec) Hard surface roads, Type B Type B Type C Type D 
highways or public streets 
and railroads 


CONSTRUCTION TYPES REQUIRED FOR PIPELINES AND MAINS CROSSING 
ROADS AND RAILROADS 


Construction Type Required 


| 
| 
| 
| 
| 
| 


Kind of Location Location Location Location 
Thoroughfare class 1 class 2 class 3 class 4 
(a) Privately owned roads Type A Type B Type C Type D 


without casing without casing without casing without casing 











(b) Unimproved public roads Type A Type B 
with casing without casing 
Type B 

without casing 


Type C Type D 


without casing without casing 


































(ec) Hard surface Type A Type B Type C Type D 
roads, highways with casing | with casing without casing without casing 
or public streets Type B Type C | 
and railroads without casing without casing 
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STANDARD THICKNESSES OF CAST IRON PIT CAST PIPE FOR GAS 


THICKNESS IN INCHES. WORKING PRESSURE IN POUNDS PER SQUARE INCH. 
THICKNESSES INCLUDE ALLOWANCES FOR FOUNDRY PRACTICE AND CORROSION 

Laying Condition A — Flat Bottom Trench, Without Blocks, Untamped Backfill 

Laying Condition B — Flat Bottom Trench, Without Blocks, Tamped Backfill 

Laying Condition C — Pipe Laid on Blocks, Untamped Backfill 

Laying Condition D — Pipe Laid on Blocks, Tamped Backfill 





8 FEET OF COVER 


34% FEET OF COVER 5 FEET OF COVER 





Laying Condition Laying Condition Laying Condition 











A i B 











10 40 40}. .40 
50 .40 : , .40 
100 .40 ; ; .40 
150 .40 ; . : .40 


10 aa P P 4 -43 
50 43 |. |. | + . -43 
109 .43 |. ‘ fg J .43 
150 aa |. ; 43 


10 | .46 «|. | 46 
50 46 |. .46 
100 | .46 |. i 46 
190 | .46 |. | 46). 46 
10 | .so |. | so}. .50 
50 || .50 |. 50}. 50 
100 |} .50 |. Fr 50 
30 | .50 |. | 58 | so}. 50 
10 | .54 |. 54) 54 
50 34 |. cg 54 
100 || .54 > . Ss oe 54 
190 || .54 |. 38) 54 
10 || .58 | «5! : ; 58 
50 || .58 |. PP) , 58 
100 || 63 |. 58 
10 | 66 |. ; .66 


50 || .71 | 6 7 E ; 66 
100 i 14 _—r 71 


10 || .74 | .74 | .g0] . .74 
50 .80 4 Pig .74 
100 || .80 |. x ; .80 
10 .87 ; 94]. .87 
50 4 |. 1.02 | . d .87 
10 || 1.05 | .97 1.05 97 


























50 .05 97 1.13 } .97 


1 
1 
10 |} 1.16 |1.07 1.16 
50 || 1.16 | 1.07 iz 
1 
1 








10 .27, 11.18 | 1.37 
50 .27 _ {1.18 | 1.37 


— eet 


























NOTE: This table is taken from ASA A21.3 
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STANDARD THICKNESS OF CAST IRON GAS PIPE 
CENTRIFUGALLY CAST IN METAL MOLDS OR SAND LINED MOLDS 


THICKNESS IN INCHES. WORKING PRESSURE IN POUNDS PER SQUARE INCH 
THICKNESSES INCLUDE ALLOWANCES FOR FOUNDRY PRACTICE AND CORROSION 

Laying Condition A — Flat Bottom Trench, Without Blocks, Untamped Backfill 

Laying Condition B — Flat Bottom Trench, Without Blocks, Tamped Backfill 

Laying Condition C — Pipe Laid on Blocks, Untamped Backfill 

Laying Condition D — Pipe Laid on Blocks, Tamped Backfill 


3, FEET OF COVER 5 FEET OF COVER | 8 FEET OF COVER 


Laying Condition | Laying Condition | Laying Condition 


38? | 38 | 38 8 | 38 | 38 | 38 | 38 | 38 
3 | 35 3 iS 3 3 3 | 3 
-38? | 38 Z 3 ; 8 : 38 
: dame 35 3 3 3 35 
.382 | 2 } 3 3 , § : 38 
a a 3 3 3 3 3s : 35 
. 38? 2 20 20 re 

38) 

41? 





41? 


41? 


19 
50 
100 
159 


10 
50 
100 
10 
50 
100 


10 . 26 | | .79 7 ’ r 79 
50 6 6: 79 , 73 75 | .73 r 79 
100 ; 63 79 2 : 68 | .85 | | .73 ; 85 
10 73 85 73 | : 79 . 92 
50 ‘ 73 85 85 79 1. . . | 85 92 
10 81 94 87 | .94 | -& 02]. 87 02 
50 81 | 1.02 94 10 |. 94 02 
10 |} 1. 90 | 1.05 97 . 2B 97 13 
50 || 1.05 90 | 1.13 | 1.05 2 1.05 13 
i0 1.24 | .98 | 1.24 | 1.06 JL. Of . ; 1.06 23 


50 1.14 98 1.23 1.14 ; , 1.14 | 33 








l 
l 
3 
:. 
1 
l 






































EEE 





‘Class 22 Thickness. 
2Class 23 Thickness offers increased factor of safety and is recommended for use in areas of dense population and heavy 
traffic. 


NOTE: This table is taken from ASA A2!.7 and A21.9 
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Operating and Maintenance Procedures 


850 Operating and Maintenance Procedures affecting the 
safety of gas transmission and distribution facilities 

850.1 Because of many variables, it is not possible to pre- 

scribe in a national code a set of operating and maintenance 

procedures that will be adequate from the standpoint of 

public safety in all cases without being burdensome and im- 

practical in some. 


850.2 It is possible, however, for each operating company to 
develop operating and maintenance procedures based on ex- 
perience, knowledge of its facilities and conditions under 
which they are operated, which will be entirely adequate 
from the standpoint of public safety. 


850.3 Basic Requirement. Each operating company having 
gas transmission or distribution facilities within the scope of 
this code shall: 


(a) Have a plan covering operating and maintenance pro- 
cedures in accordance with the purpose of this code. 

(b) Operate and maintain its facilities in conformance 
with this plan. 


(c) Keep records necessary to administer the plan prop- 
erly. 


(d) Modify the plan from time to time as experience with 
it dictates and as exposure of the public to the facilities and 
changes in operating conditions require. 


850.4 Essential Features of the Plan. The plan prescribed 
in 850.3 (a) above should include: 


(a) Detailed plans and instructions to employees covering 
operating and maintenance procedures for gas facilities dur- 
ing normal operations and repairs, and during emergencies. 


(b) Items recommended for inclusion in the plan for spe- 
cific classes of facilities are given in 851 to 857, inclusive. 


(c) Particular attention should be given to those portions 
of the facilities presenting the greatest hazard to the public 
in the event of an emergency or because of construction or 
extraordinary maintenance requirements. 


852 Distribution Piping Maintenance 


852.1 Patrolling. Distribution mains, which are installed in 
locations or on structures where abnormal physical move- 
ment or abnormal external loading could cause failure or 
leakage, shall be patrolled periodically and the frequency of 
the patrolling shall be determined by the severity of the con- 
ditions which could cause failure or leakage and the conse- 
quent hazards to public safety. 

852.2 Leakage Surveys and Routine Procedures 

852.21 Each operating company having a gas distribution 
system shall set up in its operating and maintenance plan a 
provision for the making of periodic leakage surveys. The 
types of surveys prescribed in the plan shall be one or more 
of the following employed singly or in combination, or some 


56 


other effective procedure for locating leaks in underground 
piping systems. 


(a) Gas detector surveys. 
(b) Bar test surveys. 

(c) Vegetation surveys. 
(d) Pressure drop surveys. 


(e) Soapsuds testing on exposed pipe and fittings. 


each individual company shall determine the type and scope 
of the leakage control program most suitable. The character 
of the general service area together with housing concentra- 
tion should determine the frequency of the inspection pro- 
gram. 

It is recommended that the inspection program should in- 
clude at least the following provisions: 


(a) At least once a year a gas detector survey should be 
conducted in business districts, involving tests of the atmos- 
phere in gas, electric, telephone, sewer and water system 
manholes, at cracks in pavement and sidewalks and at other 
locations providing an opportunity for finding gas leaks. 
Leakage surveys, using One or more of the types referred to 
in 852.21, should be made of the distribution system outside 
of the principal business areas as frequently as experience in- 
dicates that they are necessary but not less than once every 
five years. 


(b) Leaks located by these surveys shall be investigated 
promptly and any necessary repairs shall be made. When 
the condition of a main or a service, as indicated by leak fre- 
quency records or visual observation, deteriorates to the 
point where it should not be retained in service, it should be 
replaced or reconditioned. 


852.3 Abandoning Inactive Service and Mains 


Each operating company shall have a plan in its operation 
and maintenance procedures for sealing off the supply of gas 
to all abandoned services and mains by means of valves or 
other effective methods. This plan shall include procedures 
for abandoning services that have remained inactive for a 
period of years and for which there is no planned use. It is 
recommended that the plan include the following provisions: 


854 Procedures for Maintaining Pipe-Type and Bottle-Type 
Holders in Safe Operating Condition 


854.1 Each operating company having a pipe-type or bot- 
tle-type holder shall prepare and place in its files a plan for 


the systematic, routine inspection and testing of the facili- 
ties which provides that: 


854.11 Procedures shall be followed to enable the detection 
of external corrosion before the strength of the container 
has been impaired. 


854.12 Periodic sampling and testing of gas in storage will 
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be made to determine the dew point of vapors contained in 
the stored gas that might cause internal corrosion or inter- 
fere with the safe operations of the storage plant. 


854.13 The pressure control and pressure limiting equip- 
ment will be inspected and tested periodically to see if it is 
in a safe operating condition and has adequate capacity. 


854.2 Each operating company, having prepared such a 
plan as described in 854.1 above, shall follow the plan, and 
keep records which detail the inspection and testing work 
done and the conditions found. 


854.3 All unsatisfactory conditions found shall be promptly 
corrected. 


855 Maintenance of Pressure Limiting and Pressure Regu- 
lating Stations 


855.1. All pressure limiting stations, relief devices, and pres- 
sure regulating stations and equipment shall be subjected to 
systematic periodic inspections and/or tests to determine that 
they are: 


(a) In good mechanical condition. 


(b) Adequate from the standpoint of capacity and reliabil- 
ity of operation for the service in which they are employed. 


(c) Set to function at the correct pressure. 


(d) Properly installed and protected from dirt, liquids, or 
other conditions that might prevent proper opeation. 


855.2 (a) Every distribution system supplied by more than 
one district pressure regulating station shall be equipped with 
telemetering or recording pressure gauges to indicate the gas 
pressure in the district. 


(b) On distribution systems supplied by a single district 
pressure regulating station the operating company shall de- 
termine the necessity of installing such gauges in the district. 
In making this determination the operating company shall 
take into consideration the operating conditions such as the 
number of customers supplied, the operating pressures, and 
the capacity of the installation, etc. 


(c) If there are indications of abnormal high or low pres- 
sure the regulator and the auxiliary equipment shall be in- 
spected and the necessary measures shall be employed to 
rectify any unsatisfactory operating conditions. Suitable 


GAS HANDBOOK ISSUE 


periodic inspections of single district pressure regulation sta- 
tions not equipped with telemetering or recording gauges 
shall be made to determine that the pressure regulating equip- 
ment is functioning properly. 


855.3 Whenever it is practicable to do so, pressure reliet 


valves should be tested in place to determine that they have 
sufficient capacity to limit the pressure on the facilities to 
which they are connected to the desired maximum pressure. 
If such tests are not feasible, periodic review and calculation 
of the required capacity of the relieving equipment at each 
station should be made and these required capacities com- 
pared with the rated or experimentally determined relieving 
capacity of the installed equipment for the operating condi- 
tions under which it works. If it is determined that the reliev- 
ing equipment is of insufficient capacity, steps shall be taken 
to install new or additional equipment to provide capacity. 


856 Valve Maintenance 


856.1 Pipeline Valves that might be required during an 
emergency shall be inspected periodically and partially op- 
erated at least once per year to provide safe and proper op- 
erating conditions. 


856.2 Distribution System Valves. Valves, the use of which 


may be necessary for the safe operation of a gas distribution 
system, shall be checked and serviced, including lubrication 
where necessary, at sufficiently frequent intervals to be rea- 
sonably assured of their satisfactory operation. Inspection 
shall include checking of alignment to permit use of a key 
or wrench and clearing from the valve box or vault any 
debris which would interfere with or delay the operation of 
the valve. 


857 Vault Maintenance. Regularly scheduled inspections 
shall be made of each vault housing pressure regulating and 
pressure limiting equipment and having a volumetric inter- 
nal content of 200 cubic feet or more to determine if it is in 
good physical condition and adequately vented. This inspec- 
tion shall include the testing of the atmosphere in the vault 
atmosphere, the equipment in the vault shall be inspected for 
leaks and leaks found shall be repaired. The ventilating equip- 
ment shall also be inspected to determine if it is functioning 
properly. If the ventilating ducts are obstructed, they shall be 
cleared. The condition of the vault covers shall be carefully 
examined to see that they do not present a hazard to public 
safety. 











860 


861 Any distributed to consumers 
through gas mains or gas services or used for domestic pur- 
poses in compressor plants, which does not naturally possess 
a distinctive odor to the extent that its presence in the atmos- 
phere is readily detectable at concentrations well below that 
required to produce an explosive mixture shall have an 
odorant added to it to make it so detectable. Odorization is 
not necessary, however, for such gas as is delivered for 
further processing or use where the odorant would serve no 
useful purpose as a warning agent. 


Miscellaneous 


Odorization. gas, 


862 Liquefied Petroleum Gas (LPG) Systems. 


862.1 Liquefied petroleum gases, generally, include butane 
and propane, and mixtures of them that can be stored as 
liquids under moderate pressures (approximately 80 psig to 
250 psig) at ambient temperatures. 


862. 
of liquefied petroleum gases when they are vaporized and 
used as gaseous fuels. 


This code is concerned only with certain safety aspects 


862.3 All of the requirements of Standards No. 58 and No. 
59 of the National Board of Fire Underwriters and the Na- 
tional Fire Protection Association and of this code, concern- 
ing design, construction, and operation and maintenance of 
piping facilities shall apply to piping systems handling bu- 
tane, propane, or mixtures of these gases. 


862.4 Special Safety Requirements for LPG Systems 


862.41 Odorization. Liquefied petroleum gases are usually 
nontoxic, but for safety when distributed for consumer use, 
or used as fuel in a place of employment, they shall be 
odorized. Criteria for odorization are given in 861. See note 


(1) 
862.42 Ventilation 


(a) All liquefied petroleum gases are heavier than air, 
hence structures above ground for housing regulators, meters, 
etc., shall have open vents near the floor level. Such equip- 
ment shall not be installed in pits or in underground vaults, 
except in cases where suitable provisions for forced ventila- 
tion are made. 


(b) Special care is required in the location of relief valve 
discharge vents releasing LPG to the atmosphere, to prevent 
accumulation of the heavy gases at or below ground level. 


Likewise, special precautions are necessary for adequate 
ventilation where excavations are made for the repair of 
leaks in an underground LPG distribution system. 


863 Pipelines on Private Right-of-Way of Electric Trans- 
mission Lines. 


Where gas pipelines parallel overhead electric transmis- 
sion lines on the same right of way, the company operating 
the pipelines shall take the following precautions: 


863.1 Employ blow-out connections that will direct the gas 
away from the electric conductors. 


863.2 Install a bonding conductor across points where the 
main is to be separated and maintain this connection while 
the pipeline is separated. The current carrying capacity of the 
bonding conductor should be at least one-half of the capacity 
of the overhead line conductors. 


Note: (1) Refer to National Board of Fire Underwriters and 
the National Fire Protection Association Bulletins No. 
58 — Storage and Handling of Liquified Petroleum 
Gases, and No. 59 — Liquified Petroleum Gases at 


Utility Gas Plants 


863.3 Make a study in collaboration with the electric com- 
pany on the common problems of corrosion and electrolysis, 
taking the following factors into consideration: 


(a) The possibility of the pipeline carrying either unbal- 
anced line currents or fault currents. 


(b) The possibility of lightning or fault currents induc- 
ing voltages sufficient to puncture pipe coating or pipe. 


(c) Cathodic protection of the pipeline, including loca- 
tion of ground beds, especially if the electric line is carried 
on steel towers. 


(d) Desirability of installing electric bonding connec- 
tions between the pipeline and either the steel tower footings 
or the buried ground facilities or the ground-wire of the 
overhead electric system. 


863.4. Investigate the necessity of protecting insulating 
joints in the pipeline against induced voltages or currents re- 
sulting from lightning strokes. Such protection can be ob- 
tained by connecting buried sacrificial anodes to the pipe 
near the insulating joints or by bridging the pipeline insula- 
tor with a spark-gap or by other effective means. 
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API Specifications for Line Pipe 
STANDARD-WEIGHT THREADED LINE PIPE DIMENSIONS, WEIGHTS, AND TEST PRESSURES 


1 2 3 4 5 6 7 8 9 10 11 12 


Test Pressure, psi., min. 
~. 











Iron 


Calculated Weight, 
lb. per ft. 
a. 


Steel 





os 





a —~ 


Nominal 
Weight:1 
Threads 
and 


Lap- 
Welded 
and 
Grade 
A 


Outside 


Inside 
Size: Diam- 


Diam- 


Calculated 
Threads Coupling 
Nominal, eter, Coupling, eter2, and Weight, 
in. in. lb. per ft. . in. Coupling! Ib. 

D : d w 
0.405 0.25 
0.540 0.43 
0.675 0.57 


We 0.840 0.86 
% 1.050 1.14 


1 1.315 
1% 1.660 
1% 1.900 
2 2.375 
2% 2.875 


3 3.500 
3% 4.000 
4 4.500 
5 5.563 
6 6.625 


Butt- 
Welded 








0.269 
0.364 
0.493 
0.622 
0.824 


% 
Ye 
% 


0.25 
0.43 
0.57 
0.86 
1.14 


700 
700 
700 
700 


700 
700 
700 
700 
700 


700 
1000 
1000 
1000 
1000 


1000 
1200 
1200 
1200 
1200 


1200 
1300 
1000 
1000 
1200 


1000 
1100 
950 
850 


700 
700 
700 
700 
700 


0.42 
0.57 
0.85 
1.13 


1.68 
2.27 
2.72 
3.65 
5.79 


1.70 
2.30 
2.75 
3.75 
5.90 


1.049 
1.380 
1.610 
2.067 
2.469 


1.69 
2.30 
2.74 
3.71 
5.88 


700 
1100 
1100 
1100 
1100 


1100 
1300 
1300 
1300 
1300 


1300 
1600 
1200 
1200 
1400 


7.70 
9.25 
11.00 
15.00 
19.45 


3.068 
3.548 
4.026 
5.047 
6.065 


7.58 
9.11 
10.79 
14.62 
18.97 


7.67 
9.27 
11.01 
14.90 
19.33 


25.44 
29.25 
32.20 
35.20 
41.35 


OAM WEORSO SOSOSS 
wWantoo NHoOtLOM wWHHOO 
SSS SRSSF Reose 


— 
so 
co 
tnt 


8 8.625 
aie 8.625 
10 10.750 
10 10.750 
*10 10.750 


25.55 
29.35 
32.75 
35.75 
41.85 


8.071 
7.981 
10.192 
10.136 
10.020 


24.70 
28.55 
31.20 
34.24 
40.48 


23.18 
23.18 
31.55 
31.55 
31.55 


950 
800 
800 
800 


ee CO 
ao 
w-) 


12 
*12 

14D 

16D 


12.750 
12.750 
14.000 
16.000 
18D 18.000 73.00 
20D 20.000 81.00 78.60 
1Nominal weights, threads and coupling (Col. 3), are shown for the 


purpose of identification in ordering. Calculated weights, threads and 
coupling (Col. 7), are based on 20-ft lengths. See Par. 38 for weights 


45.45 
51.15 
57.00 
65.30 


12.090 
12.000 
13.250 
15.250 
17.250 
19.250 


43.77 
49.56 
54.57 
62.58 


70.59 


45.40 
51.10 
55.80 
64.08 
72.37 
80.70 


49.27 
49.27 
45.83 
55.83 
66.53 
79.37 


1200 
1200 
1100 
1000 
750 900 600 

700 800 550 

®*Test pressures shown apply to seamless, electric-welded, and lap-welded 


open-hearth-iron pipe, and to lap-welded wrought-iron pipe. Pressures 
shown for sizes 4-in. nominal and smaller apply also to butt-welded open- 


800 
800 
750 
700 


SSS 
to C2 Go Go &9 CO 


— i) 
J) 1) -) “100 
Crorgoreor1st © 


CS 





applying to longer or shorter lengths. 

2The weight per cubic inch is slightly less for wrought iron than for 
steel. Since wrought-iron pipe is made with the same weight per foot as 
steel pipe, the wall thickness of wrought-iron pipe is 2 to 3 per cent 
greater than the tabulated values above, and the inside diameter is cor- 


hearth-iron pipe, and in sizes 2-in. nominal and smaller apply to butt- 
welded wrought-iron pipe. 

*Dimensions and weights shown in bold face are the same as for ASA 
B 36.10 standard-wall pipe in this diameter. 


NOTE: Lap-welded pipe is produced currently in 2%-in. through 16-in. 
outside diameters. 


STANDARD-WEIGHT PLAIN-END LINE PIPE DIMENSIONS, WEIGHTS, AND TEST PRESSURES 
1 2 3 Q 5 6 7 8 9 


Test Pressure, psi., min. 


respondingly smaller. 








—— ae ————_————_, 
Steel Iron 
o ca, 
Lap- Open- 
Welded Hearth 


and an 
Grade A Wrought2 


———  -- 





—— 


Plain- 
Outside End 


Diameter, 
in. 


Wall Inside 
Weight, Thickness}, Diameter!, 
Ib. per ft. in. in. 


D t d 


0.405 0.068 0.269 
0.540 0.088 0.364 
0.675 0.091 0.493 
0.840 0.109 0.622 
1.050 0.113 0.824 


Butt- 


Welded Grade B 








700 
700 
700 
700 
700 


700 
1000 
1000 
1000 
1000 


1000 
1200 
1200 


700 700 700 


rooee 
00 Or & DO 
woah 


0.133 
0.140 
0.145 
0.154 
0.203 


1 1.315 

MA 1.660 
1% 1.900 
2 2.375 
2% 2.875 


3 3.500 
3% 4.000 
4 4.500 


1.049 
1.380 
1.610 
2.067 
2.469 


“D1 
© — OO © orn -~1 00 


0.216 
0.226 
0.237 


3.068 
3.548 
4,026 


SO gISePoN 


i" 
Je ot 





‘The weight per cubic inch is slightly less for wrought iron than for steel. 
Since wrought-iron pipe is made with the same weight per foot as steel 
pipe, the wall thickness of wrought-iron pipe is 2 to 3 per cent greater than 
the tabulated values above, and the inside diameter is correspondingly 
smaller. 

Reproduced by permission from API Std. 5L: Specification for Line Pipe 


°*Test pressures shown apply to seamless, electric-welded, and lap-welded 
open-hearth-iron pipe, and to lap-welded wrought-iron pipe. Test pressures 
apply also to butt-welded open-hearth-iren pipe. Test pressures for sizes 
2-in. nominal and smaller apply also to butt-welded wrought-iron pipe. 

NOTE: Lap-welded steel pipe conforming to Table 5 is produced cur- 
rently only in the 2-in. and 2%-in. nominal sizes. 
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1 4 5 6 7 





Test Pressure, psi., min. 
AQ 





Steel Iron 
piisictacaatinalassil adams aa. 
Size: Plain- Open- 
Outside End Wall Inside Lap-Welded Hearth 
Diameter, Weight, Thicknessl, Diameter}, and and 
in. Ib. per ft. in. in. Grade A Grade B Wrought2 
D t 


3% 6.63 0.188 3.12 1900 2200 1500 
3Y4 7.58 0.216 3.068 2200 2500 1800 
3% 8.68 0.250 3. 2590 2500 2100 
3% 9.67 0.281 9 2500 2500 2300 








4% 8.64 0.188 : 1500 1800 1200 
4% 10.00 0.219 . 1700 2000 1400 
( 10.79 0.237 05 1900 2200 1500 
11.35 0.250 i 2000 2300 1600 
12.67 0.281 9! 2200 2500 1800 

0.312 2500 2500 2000 


Ho he 
i 
to 


— 
Set A 
to ty 


ra 
t 


0.188 
0.219 
0.250 
0.280 
0.312 
0.344 


0.3875 


1000 1200 800 
1200 1400 950 
1400 1600 1100 
1500 1800 1200 
1700 2000 1400 
1900 2200 1500 
2000 2400 1600 


0.188 : 800 900 650 
0.219 : 900 1100 ~750 
0.250 ; 1000 1200 850 
0.277 0 1200 1300 950 
0.312 : 1300 1500 1000 
0.322 § 1300 1600 1000 
0.344 9% 1400 1700 1100 
0.375 ; 1600 1800 1300 
0.438 : 1800 2100 1500 


0.219 a 750 850 600 
0.250 ! 850 1000 700 
0.279 f 1000 1200 800 
0.307 ; 1000 1200 800 
0.344 . 1100 1300 900 
0.365 , 1200 1400 

0.438 . 1500 1700 


0.250 ‘ 700 800 
0.281 Ze 800 850 
0.312 , 900 1000 
0.330 2 1000 1200 
0.344 2. 1000 1200 
0.375 H 1100 1200 
0.438 * 1200 1400 


0.312 37 800 950 
0.344 900 1000 
0.375 3.4 950 1100 

‘ ‘ 1100 1300 
1300 1500 


700 800 
750 900 
850 1000 
1000 1100 
1100 1300 


600 750 

700 800 550 

750 900 600 

900 1000 700 
1000 1200 800 


CF OF 07 07 A 
~ OE aa x 


wr 
oo 


ARAAAAA 9 


conmuoocrrth> 
ANAWOoonwo-, 
CIs} eS Oot -1 © 


NAN 
OO Go 


co 00 00 00 CO 000 OOOO AAAAIAIAIA 
SOU A OV AT a 
@™ > GO OO WO 


_— 
oo 
we 


oe, 


© ce 
© 0 


ososs 2S 


O71 me 9 09 CO 
a OPS ea 
S 00 1m PO 


On ihm C9 Go C9 
CONT he 
© 60 Clim bo 


550 650 450 
600 700 500 
19.250 700 800 550 
19.124 800 900 650 
19.000 900 1000 700 


cosss sssse 
00 Ul x DO 


-~ 
=) 





3The weight per cubic inch is slightly less for w rought iron than for steel. *Test pressures shown apply to seamless, electric-welded, and lap-welded 
Since wrought-iron pipe is made with the same weight per foot as steel open-hearth-iron pipe, and to lap-welded wrought-iron pipe. 
pipe, the wall thickness of wrought-iron pipe is 2 to 3 per cent greater than NOTE: Lap-welded pipe is not produced currently in outside diameters 
the : ao values above, and the inside diameter is correspondingly larger than 16 in. 
smaller. 
Reproduced by permission from API Sid. 5L: Specification for Line Pipe 





60 AMERICAN GAS JOURNAL, November 15, 1955 








TOLERANCES ON DIMENSIONS AND 
WEIGHTS 





Tolerance Wall thickness, 1: 
Outside diameter, D: For seamless pipe in all sizes and welded 
1.900 in. and smaller + 0.016 in. pipe in sizes 18 in. and smaller — 12.5 per cent 
— 0.031 in. For welded pipe in sizes 
2% in. and larger + 1 per cent 20 in. and larger — 10.0 per cent 





Plain-end pipe 10% in. and smaller, shall not be more than - 
44 in. smaller than the tabulated outside diameter for a Weight: 
distance of 4 in. from the end of the pipe and shall permit Single lengths: 
the passage over the ends, for a distance of 4 in., of a ring ; : 
gage which has a bore %¢ in. larger than the tabulated outside Standard-weight, regular-weight, extra- 
diameter of the pipe. Plain-end pipe 1234 in. to 20 in., inclu- strong, and double-extra-strong pipe 
sive, shall not be more than 142 in. smaller than the tabulated (Tables 4, 5, 6, 8, and 9) + 10.0 per cent 
outside diameter for a distance 4 in. from the end of the pipe . 3.5 per cent 
and shall permit passage over the ends, for a distance of 4 in., Special plain-end pipe 
of a ring gage which has a bore *2 in. larger than the tabu- (Table 7) + 10.0 per cent 
lated outside diameter of the pipe. At the option of the manu- 5.0 per cent 
facturer, the minimum outside diameter of pipe in sizes 20 Carload lots: 
in. and smaller may be measured with a diameter tape. Plain- All series 1.75 per cent 
end pipe 22 in. and larger shall not be more than .'%2 in. 
smaller nor more than 42 in. larger than the tabulated out- Weight tolerances apply to the calculated weights for 
side diameter for a distance of 4 in. from the end of the pipe, _threaded-and-coupled pipe and to the tabulated weights for 
as measured with a diameter tape. plain-end pipe. 


STANDARD LENGTHS 


Minimum Minimum When the average length of plain-end pipe agreed upon 
> i i ’ rere > » . ° 
Permissible Average — hetween the purchaser and the manufacturer, is in excess of 
Length Length : esd 

20 ft, not over 10 per cent of the lengths furnished on the 


ager ; ee entire shipment shall be shorter than 75 per cent of the aver- 
Entire shipment 16 ft. 0 in. 


95 per cent or more of age length agreed upon, and no piece shall be shorter than 40 
lengths in entire per cent of the average length agreed upon; the average 
shipment 18 ft. 0 in. 

Plain-end pipe: : , 

Entire shipment 9ft.0in. 17ft.6in. ‘veer the purchaser and the manufacturer, these stipulations 


length, however, shall be maintained. Upon agreement be- 


(Unless otherwise agreed upon) _ shall apply to each carload. 


LINE PIPE HAND-TIGHT MAKE-UP 
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FOR BASIC POWER-TIGHT MAKE-UP 
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TO PLANE OF VANISH POINT 
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LINE PIPE THREAD DIMENSIONS 





3 5 6 7 8 9 


End of Pipe 
Length: Total Length: Pitch to Center of Length: Face Hand-Tight 
No. of End of Pipe Length: End of Pi Diameter Coupling, of Coupling to Standoff, 
Size: Threads to Hand-Tight Effective to Vanis at Hand-Tight Power-Tight Hand-Tight ead 
Nominal per Inch Plane Threads Point Plane Make-Up Plane 


I, Ls L, E; J M 





Mi 











0.180 0.2639 0.3924 0.37476 0.1389 0.1014 
0.200 0.4018 0.5946 0.48989 0.2179 0.2278 
0.240 0.4078 0.6006 0.62701 0.2119 0.1938 
0.320 0.5337 0.7815 0.77843 0.2810 0.2473 
0.339 0.5457 0.7935 0.98887 0.2690 0.2403 


0.400 0.6828 0.9845 1.23863 0.3280 0.3235 
0.420 0.7068 1.0085 1.58338 0.3665 0.3275 
0.420 0.7235 1.0252 1.82234 0.3498 0.3442 
0.436 0.7565 1.0582 2.29627 0.3793 0.3611 


0.682 1.1375 1.5712 2.76216 0.4913 0.6392 
0.766 1.2000 1.6337 3.38850 0.4913 0.6177 
0.821 1.2500 1.6837 3.88881 0.5038 0.6127 
0.844 1.3000 1.7337 4.38713 0.5163 0.6397 
0.937 1.4063 1.8400 5.44929 0.4725 0.6530 
0.958 1.5125 1.9462 6.50597 0.4913 0.7382 


1,063 1.7125 2.1462 8.50003 0.4788 0.8332 
1.210 1.9250 2.3587 10.62094 0.5163 0.8987 
1.360 2.1250 2.5587 12.61781 0.5038 0.9487 


1.562 2.2500 2.6837 13.87263 0.5038 0.8717 
1.812 2.4500 2.8837 15.87575 0.4913 0.8217 
2.000 2.6500 3.0837 17.87500 0.4788 0.8337 
2.125 2.8500 3.2837 19.87031 0.5288 0.9087 


oco000000 GooD0d 000000000000 
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Included taper, all sizes, 0.0625 in. per in. 





COUPLING DIMENSIONS AND TOLERANCES 





6 8 


Length: 
Face of Pitch 
Outside Coupling to Width of Diameter 
Size: Diameter Diameter Depth Hand-Tight at Hand-Tight 
Nominal of Coupling of Recess Plane Plane 


W Q q M E, 











0.468 0.0347 0.1014 
0.603 0.1471 0.2278 
0.738 0.1147 0.1938 
0.903 0.1582 0.2473 
1.113 0.1516 0.2403 


1.378 0.2241 0.3235 
1.723 0.2279 0.3275 
1.963 0.2439 0.3442 
2.469 0.2379 0.3611 
2.969 0.4915 0.6392 


3.594 0.4710 0.6177 
4.094 0.4662 0.6127 
4.594 0.4920 0.6397 
5.657 0.5047 0.6530 


0.37476 
0.48989 
0.62701 
0.77843 
0.98887 


1.23863 
1.58338 
1.82234 
2.29627 
2.76216 


3.38850 
3.88881 
4.38713 
5.44929 


6.50597 
8.50003 
10.62094 
12.61781 


13.87263 
15.87575 
17.87500 
19.87031 


6.719 0.5861 0.7382 
8.719 0.6768 0.8332 
10.844 0.7394 0.8987 
12.844 0.7872 0.9487 


14.094 0.7136 0.8717 
16.094 0.6658 0.8217 
18.094 0.6773 0.8337 
20.094 0.7490 0.9087 


KRKK LRKKK KES SKSSS FESS 





Tolerance on outside diameter W, + 1 per cent 





Reproduced by permission from API, Std 5L: Specification for Line Pipe 





62 AMERICAN GAS JOURNAL, November 15, 1955 








UOHOIDOSSY Y21DeS@y dig WO4) 180 “ZG6{ MySI4AdOD , “adig wos; {50D 4O YOOGPUEY,, ‘WOIssiMEd YMA 


1a .8 PY® .9 ', > 20) SUCTHUsUNpP ENDS: spmyno [WKedg 40) yo2Ag agt 
‘adid jo “Cl "CO puctag pejeu Ajuo sapnjout jag Jo 14F2 AA) 
‘peg or sad y 
po ~ tan tang 208 WN, “s1UJOf [eoTURYIeEM—TT'1Z-V¥—"V'S'V 
‘spjom peuy, pues uy 1889 ed}d—E'I1Z-V—"V'S'V ‘SPlOM [ejaW Uy 3882 edjd—1°'13-y—"y's"y *899U029)077 
“Rs. AvBey 


oot wr : 
06! ool * PUB UO}IBINdod esuap JO S¥OIe Ul BSN 10} PepUsMIMOIIZ S|] PU AjaJES Jo 10j98) PosBaIUy SIeQO SsPUHIYI EF SSBID (2) 
“SSOUHITYI FF S881 (1) 


Pry i i esis 
I nt Sa soot s waza ov go popunos ead 0 wBI0u povmteD ek BHM 
Pi stol 8°79 soot 679 022 ow" o7'tt SF cai 


#8 G2Q2R8 UI UMOGE '..4,, UOISUSUIIC] PU *.g PUT _9 ‘,» Barts 40j ,,"],, UOHUIUKTT 
“eqeteds 20 awes ‘CJ, Pus ,,D,, S2}2UTETP [wus270F 
10 ‘82002 243 Buronpas Aq spews aq Awus spuepuTys ssayy UE JHASOYy adid—evoy , 008 b'St $iZ S"8t 06S top orl we ol 
05 £99,00'L59 09° 1,09'E EET’ [051 00'S SL'1S 00°C |00'E)86 L¥/9E"T10S'0S) BF 4 $09 9°9e sss dha sw cee $0°6 dl 8 
LLOS 99° L6e OS LES SP 1 OF EEO" CO's lob’ 1'00°S Sb°Sb 00° 08"t'90°Z,L0" 102" +>) tw Sst $°Zz Obb 9°4t s¢tt 6°27 06°9 wip so 
ISS SZ°6LE OL Oly OF 1 OF EEO" SBT [st-100's 12°6E,00'E OS'Z/90°9E 56" |96'LE) OF . ow 9°St Oly “st sic 1'9z 06°9 west’ 9 
BOPE 00 PBL OF'SIL'OE 1 00°E/£9" BL"I |ST' 1 00°S|66'ZE\00'L OFZ 0'OE|SR PL IE| OF ’ 062 s‘ZI 087 9°ZI siz 8'ZI 08> wee’ 3d 
LLoe |1¥'9OZ OL'SET SZ" L'OR'Z C9" BOE [SO 1.00°S SO'Lz\00'Z OL'Zez"ee OL" \OR'ST) He 4 
OvB1 CBEST OT'6GT|ST'L.08',£9"09'E [46° jos"o\se'zz Sc*t!00'z\bz"0z,89" |o9"IZ| OF 027 "or 097 bol 002 9°91 o8’s wst Ld 
ISEL |9S°ZL1 BI'STT ONL. 0S"z OS" OPT los" los"+'ov'et|sz" toe t\91"9t zo" jow'ct) 91 aanssaig “G1 OSI—OSI $8®1D 
oes \ee'ec [20°62 00° tloz"t OS" sz°t |Sz* OS'> Ox" >TOS Loo LEI'ZI iss" t 
149 |16°SS E6LS 06° OTL OS 6I'T (69° OOP OI'ZI OSL OS'I Z1'O1 Gr ol . ' O67 sZt Sssz $821 a-7st 08°Sz 89° ot 
60S [tote | SZS [08 ‘SU°E OS" 6I"1t 69" [00'H/SO'OL OS" .Os'I'SI's |s¥" |SO" ‘ op7z | Z°Sel sZiz | 6°Stl “stl 09°17 oz 
LOE |8S"OE | SOE JOB" 'Sz"E OS" ZIT; 29° 00'¥ 06" [OS*T OF'Iiv0'9 je" 4 S9st 6'F6 OzsI 0°s6 6 OF'ZI *S° 91 
vet [0s'Ot | O'LE |SL" [St°E 05" 601% 65 - 08'S Os"! OF = » jor 08's : 1 pad soot 6't9 pois eert o° et 
pr) . | | A 008 b'8h $2Z S'8b tor Onl we ol 
20 £17 ad PS , $09 99 8s “oe w“et $0°6 1" 8 
$°Zt Ob 4 4 6°42 06°9 wip" 40 
spunog ut | , 4 J 9°St oOlp “st Voz 06°9 west" 9 
qm : j « 067 $21 087 4 | 8°41 08> «w8t* 40 
ayeurxoiddy : i = ‘ bia) | 097 vol 9°91 03"> «$t" 
a4nss23q “47 00I—O0I $881D 


reas sies | 1zs$ oss | 9071 
OfIZ LSbh £6° 
ooss 6°tbe or’st 2° 
0°6S7 OSsIt $"6S7 P 6£° 
1991 $997 $991 , 08°Sz i 
“StI $102 6'S7I ‘ , és° 
AINO SNOVY IISINO_OSZ © 4 ’ . 9°88 Ozer 2°88 , r os" 
$1120 8 7,917 Bods rs 879 | Soot | 6°79 ‘ 8h" 
8 b'Sh $ZZ S"sb . : ve 
IlL1Z-V—'W'S "V—Aauyof [roy OIY ses 10j 198) 110—E'1Z-V—"V'S "V—SessauHoIyL : se0uesajey = pe pe — a 
Spunod ¢ jsesvau 0} YO papunos adjd jo WYIjem PaeinaeD [eq Jurpnjouy . Ms 9°S7 OlF 4 por 
o19z | ccteo | git | o19z| eeeo | sit | osos | gp sat | 08% | OCI j j wt" 40 
sto9 o’cos £0'1 sto9 o’cos £0°1 OS’bP 47 = Be be = = ost 
24NS$23g °G’] OS—0S 88eID 
SOLb 0°%6f 46° SOLb O°76f £6° of’st 9¢ : 
sore o'eIs ‘ 86° 
$999 Sop ‘ 06" 
PLZ s9ez | Z'Z6l | $2 s9ez | 7'Zol | $2" 03°sz | 72 osIs | P77t : 
; “ - : . ° ; , $Z6t O'1b7 S9st S*1b7 
WZst s9ZI I 92 v4 
ot NL a z ; z’sor | opcz | voor | sooz | scoot | opoz | zvozt ; £9" 
Z° co! Stil Zt01 8s° Stil Zo! r O*ZI 91 ¢ . 6t7I $207 “S71 $107 6°StI Sbst £8zl és° 
se tld sss | wuz | es | ssp | z1Z over | zi 188 | OT | 988 | OCT | 2°88 | O6OT | 2°06 0s" 
x a a ms - - 7 ‘ 9°79 stor 8°79 Sool 6°79 022 Le a] sr 
$99 bss $99 b’ss os $99 b’ss Or'll or U'8b 008 P'S SLL S'S 06S £°6b . or 
S6r q clr Sob clr oP" S6b clr ‘i $0°6 8 b°9f $09 9°9f sss “£9¢ Ste ca 1 
Ose '6l ose 162 oF T6l 06°9 9 e°Zt Sse $°Zt Obb 97 s¢t 6°L7 
ett . am - . - - $’st OvF 9°St Ol “St sit Voz west" 
st | 98 | 9°81 os’ | + ect | o6z | sZt | ose =| 92! siz | 8'ZI : 
""ua8 ¥ 1 3 “y3] y “sul 4 “sul *sut “sur zor 027 for 097 oI 007 9°91 
aad pad Bay] ssau | sad jsad “Bay) ssou} sad jsod “Bay! ssou sad |sed “Bay| ssou | weg | azic aanssoig * sse 
PUL PUL TUL ML] aps | wee i ne 
2 U3 23 21 24337 "35 71 24337 2) 21 8] 23 71 -1ng “4387 way, yf wst oy fp wat] of wtt] oy 
UO paseg TYUZIF A uo" paseg 343194 uo paseg 347194 uo paseg 242194 sad sad sad sad aad sad sad aad sad sai 
— “Bay “Bay “Bay Bay 
‘al asnssaig 4] ainssaig * ainssaig * ; : : . 412% 
poy Be pore ha poops Re a pray he 487 ews usr [wt | eweiyor | wat wz 
UC Paseg I4F!2A4 
*s0INjI9e nue *JOINIIVJNULW OI IJNSUOD SUOT}ITPUOD 39410 JOT *30A09 JO 199) 
@Y} INSUOD SUOTI;PUOD 3010 30g “49409 JO 1993 ¢ JapPUN TIPR_IVQ padme? yIIH yYyoues ¢ J9pUN TTGRIG Paedwez qijm YouIs7 W0}}0q 7B UO sHIO[Y INOYITM Pye] eid 2oOg “osnidns Jo snjnpow Buys 
0110q EY UO SY201q INoyITs PIE] edyd soq “aanidna Jo sn{npom Suta qsd OOO'TE ‘a{tsuar 18d QO0O'OP ‘21]8U2} Buyysang YI Bus JNJ [sd OOO'ST ‘sUOPPBOYJI0dS “y's ’Y YIN OOURPIOSIR Uy sossoUHITYL 
Supsing YiSue Inj Wd OOO'IT “SUOMBIY}IedS “Y'S°y YIJm e20"pPsOD08 Uy sassauRTYL :@I0ON 
sp6 104 spjow paul; puos pup jojaw ul yso> AjjoBnyiuyue> 


adid yuo! jo21uDYy2.eW UOI! 4sD> yo syyHiam PUD sassauyrI4yy PsDpUD{S 


SVD YOd jadid LNIOF TIVDINVHIAW JO SLHOIFSM 








2961 






































oost 8167 £8" oost 8°16z £3" 00°7f of 















































































































































GAS HANDBOOK ISSUE 


soB 104 adid 4sp2 41d yusol joo!uDYy2e@W UOJ! 4SD> yo syyBHIaM PUD Sassauy>IYyy PADPUDIS 


SVD 4Od Adid LNIOF TVDINVHDAIW JO SLHOISM 











WELDING — PIPE LINES (OIL AND GAS) 


The simplicity, speed and high quality of arc welding has 
resulted in almost all cross-country pipe lines being com- 
pletely welded. 


Following is a general description of modern practice in 
the construction of oil and gas lines, using the plain end joint 
with liner for gas lines, and the plain end joint without liner 
for oil lines. 

Where so called “roll welding” of pipe sections can be 
done, out in front of the entire construction gang goes the 
lineup and tacking crew. Aided by a tractor and hoist, they 
put the pipe lengths on ball-bearing dollies for rolling. The 
tack welder tacks the adjacent lengths of pipe together usually 
at four points in the circumference. He joins as many lengths 
as the nature of the line and the contour of the country will 
permit. The long tack-welded section is then left on the dol- 
lies ready for the firing line welders who follow close behind. 

In recent years the “stove-pipe” method has come into 
widest use, especially for lines over rough terrain where roll- 
welding of long sections is difficult. It is also used over fairly 
smooth or rolling country. Here, all joints (usually plain end 
without liner) are position-welded like bell-hole joints. One 
joint at a time is added to the line, making it possible to re- 
duce the size of the crew and amount of equipment, and 
keep operations bunched together under one supervisor. Dur- 
ing alignment and tacking, the joint is usually held in place 
by a line-up clamp or “grasshopper.” After tacking, two bell- 
hole welders work simultaneously on both side of the joint, 
making the complete first bead, each welder coming down 
from the top. 


The wall thickness of the pipe for river crossings is gener- 
ally 50 per cent to 100 per cent greater than that used in the 
rest of the line. The pipe is roll-welded and bell-hole welded 
into a section long enough to cross the river. Each joint is 
often reinforced by a welded-on sleeve. Special river clamps, 
four to ten feet long and weighing 1000 to 3000 Ibs each 
are often bolted to the pipe at intervals, serving as a means 
of anchoring. The pipe section is then attached by cable to 
tractors and pulled onto pontoons from which it is guided 


RECOMMENDED SIZES OF ELECTRODE FOR 
PIPE LINE WELDING 





Position welding 

without back-up 
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Position welding with back-up ring: Use 3/16 in. rod for all 
beads on all sizes of pipe. 


Note: Use 3/16 in. electrode on additional beads when neces- 
sary. 


64 


by stakes into a dredged out ditch in the river bottom. It is 
usually buried at a minimum depth of eight feet. 

The welding speed data in the accompanying tables are 
based on the average time consumed in making all welds on 
an average length pipe line from start to finish of the job, 
including delays, outages and moving time. In other words, 
it is the average production that can be expected per joint 
per hour on pipe line construction except where otherwise 
noted. 


AVERAGE SPEEDS FOR PIPE LINE WELDING 





Roll welding without 
back-up ring 


Position welding without 
back-up ring 


(After Ist bead run by tackers) 
Average welds per hour 


Average welds per hour 
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Note: Roll and Position Welding Without Back-up Ring: For 
all sizes of pipe use a space of 1/16 in. to 1/8 in. 
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POUNDS OF ELECTRODE PER WELD* 





Size pipe pounds 





l 
l 
] 
l 
2 
2 
2.8 
2 
3 
3 
4 





*Based on 1/4 in. to 5/16 in. wall thickness pipe. 


The firing line crew, including several welders, completes 
the welds of the long sections. These operators weld at the 
top of the pipe while a helper turns the pipe by means of a 
chain pipe wrench. Thus, all welding is done in a flat, down- 
hand position, and by using large-size electrodes (44”, 5/16” 
and sometimes %”) and heavy welding current, high weld- 
ing speeds are obtained. After completion of each bead, a 
helper cleans all of the slag from the weld. Each completed 
weld is inspected for any imperfections before the welder 
proceeds to the next joint. When the section is entirely welded 
the pipe is rolled off the dollies and the pipe sections are 
painted and then joined into a continuous stretch by “bell- 
hole” welding. 

This pipe is placed on timber skids near or over the trench 
and, in this position, it is “bell-hole” welded. Here, instead of 
having the pipe rolled beneath the arc, the operator plies the 
are around the pipe. For these welds, he uses smaller sized 
electrodes (5/32” or 3/16”) with 125 to 200 amperes. 
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STORAGE AND HANDLING OF 

General. The term “liquefied petroleum gases” as used in 
these standards shall mean and include any material which is 
composed predominantly of any of the following hydrocar- 
bons, or mixtures of them; propane, propylene, butanes (nor- 
mal butane or isobutane), and butylenes. 

Under moderate pressure the gases liquefy, but upon re- 
lief of the pressure are readily converted into the gaseous 
phase. At atmospheric pressure and below 31 F. butane is a 
liquid. Propane is a liquid at atmospheric pressure at tem- 
peratures below minus 44 F. and normally does not present a 
flammable liquid hazard. 

Rapid vaporization takes place at temperatures above the 
boiling points (butane about 30 F.; propane about minus 
44 F.). Normal storage of these gases is as a liquid under 
pressure. 

The following standards, here given in part, are intended to 
apply to the design, construction, location, installation, and 
operation of liquefied petroleum gas systems. These standards 
do not apply to marine terminals, pipe line and similar large 
volume terminals, natural gasoline plants, refineries, tank 
farms, or to chemical and utility gas manufacturing plants 
where specific approval of construction and installation plans 
is obtained from regulatory bodies having jurisdiction, pro- 
vided such approval is based on substantially equivalent re- 
quirements. 

Odorizing Gases. All liquefied petroleum gases shall be 
effectively odorized by an approved agent of such character 
as to indicate positively, by a distinctive odor, the presence of 
gas down to concentration in air of not over one-fifth the 
lower limit of combustibility. 

Note: The low limits of combustibility of the more com- 
monly used liquefied petroleum gases are: Propane, 2.15 per 
cent; Butane, 1.55 per cent. These figures represent volumetric 
percentages of gas-air mixtures in each case. 

Location of Containers and Regulating Equipment. Con- 
tainers and first stage regulating equipment shall be located 
outside of buildings other than those especially provided 
for this purpose. Except as herein provided, each individual 
container shall be located with respect to nearest important 
building or group of buildings or line of adjoining property 
which may be built upon in accordance with the following 
table. 


Minimum distance Dist. bet. 


Water capacity aboveground 
per container Underground Aboveground containers 
Less than 125 gallons. 10 feet None None 
125 to 500 gallons. .. 10 feet 10 feet ; 
501 to 1,200 gallons. 25 feet 25 feet 
Over 1,200 gallons 50 feet 50 feet 


In cases of bulk storage in heavily populated or congested 
areas, the inspection department having jurisdiction shall de- 
termine restrictions of individual container capacity, total 
storage, and distance to line of adjoining property which 
may be built on and other reasonable protective methods. 

In industrial installations involving containers of 150,000 
gallons aggregate capacity or more, where serious mutual ex- 
posures between the container and adjacent properties pre- 
vail, the enforcing authority having jurisdiction may require 
fire walls designed and constructed in accordance with good 
engineering practice. 

In the case of buildings devoted exclusively to gas manu- 
facturing and distributing operations the above distances may 
be reduced provided that in no case shall containers of capa- 
city exceeding 500 gallons be located closer than 10 ft to such 
gas manufacturing and distributing buildings. 

Readily ignitable material such as weeds and long dry 
grass shall be removed within ten feet of any container. 

Container Valves and Accessories, Filler Pipes and Dis- 
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charge Pipes. All shut-off valves and accessory equipment 
(liquid or gas) shall be approved for use with liquefied petrol- 
eum gas, and designed for not less than the maximum pres- 
sure to which they may be subjected. Valves which may be 
subjected to container pressure shall have a rated working 
pressure of at least 250 pounds per square inch gauge. 

All connections to containers, except safety relief connec- 
tions and gauging devices shall have shut-off valves located as 
close to the container as practicable. 

The filling pipe inlet terminal shall not be located inside a 
building. Such terminals shall be located not less than 10 feet 
from any building and preferably not less than 5 feet from 
any driveway, and shall be located in a protective housing 
built for the purpose. 

The filling connection shall be fitted with an approved com- 
bination back-pressure check valve and excess flow valve; a 
double or 2 back-pressure check valves; or a positive shut-off 
valve, in conjunction with either an internal back-pressure 
valve or an internal excess flow valve. 

All liquid and vapor connections to containers except fill- 
ing pipes and safety relief connections shall be equipped with 
approved automatic excess flow valves, except that no excess 
flow valve is required in the withdrawal service line, provided 
that: 

1. The discharge from the service outlet is controlled by 
a suitable manually operated shut-off valve: 

(a) threaded directly into the service outlet of the con- 
tainer, 

(b) or which is an integral part of a substantial fitting 
threaded into or on the service outlet of the con- 
tainer, 

(c) or threaded directly into a_ substantial fitting 
threaded into or on the service outlet of the con- 
tainer. 

2. The shut-off valve is equipped with an attached hand- 
wheel or the equivalent. 

3. The controlling orifice between the contents of the con- 
tainer and the outlet of the shut-off valves does not exceed 
5/16 in. in diameter for vapor withdrawal systems and % in. 
in diameter for liquid withdrawal systems. 

4. An approved pressure-reducing regulator is directly at- 
tached to the outlet of the shut-off valve and is rigidly sup- 
ported, or that an approved pressure-reducing regulator is at- 
tached to the outlet of the shut-off valve by means of a suit- 
able flexible connection not longer than 20 in. and is rigidly 
supported. 

5. Such systems’ total water capacity does not exceed 
1,200 U. S. gallons. 

All inlet and outlet connections except safety relief valves, 
liquid level gauging devices and pressure gauges on con- 
tainers of 1,200 gallons water capacity, or more, and on any 
container used to supply fuel directly to an internal combus- 
tion engine, shall be labeled to designate whether they com- 
municate with vapor or liquid space. Labels may be on valves. 

Excess flow valves where required by these standards shall 
close automatically at those rated flows of vapor or liquid as 
specified by the manufacturer. The connections or line in- 
cluding valves, fittings, etc., being protected by an excess 
flow valve shall have a greater capacity than the rated flow of 
the excess flow valve. 

Liquid level gauging devices which are so constructed that 
outward flow of container contents shall not exceed that 
passed by a No. 54 drill size opening, need not be equipped 
with excess flow valves. 

Openings from tank or through fittings attached directly on 
tank to which pressure gauge connection is made need not 
be equipped with excess fiow valve if such openings are pro- 
tected by not larger than No. 54 drill size opening. 
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Excess flow and back pressure check valves where required 
by these standards shall be located inside of the container or 
at a point outside where the line enters the container; in the 
latter case, installation shall be made in such manner than 
any undue strain beyond the excess flow or back pressure 
check valve will not cause breakage between the container 
and such valve. 

Excess flow valves may be designed with a by-pass, not to 
exceed a 60 drill size opening to allow equalization of pres- 
sures. 

Piping, Tubing, and Fittings. Piping or tubing*shall be 
wrought iron, steel, brass or copper pipe, or except as here- 
inafter provided, seamless copper, brass, steel or other ap- 
proved gas tubing. All piping or tubing shall be suitable for a 
working pressure of not less than 125 pounds per square inch. 
Copper tubing may be of the standard grade K or L. Alumi- 
num tubing shall not be used in exterior locations or where it 
passes through masonry or plaster walls or insulation. 

Pipe joints may be screwed, flanged, welded, brazed or 
soldered with a solder having a melting point of over 1000 
F. Where fittings are used they shall have a working pres- 
sure of at least 125 pounds in systems where the operating 
pressure is 125 pounds per square inch or less. Extra heavy 
fittings shall be used for pressure exceeding 125 pounds per 
Square inch or less. Cast iron fittings shall be prohibited. 
Joints on seamless copper, brass, steel, or non-ferrous gas 
tubing shall be made of approved gas tubing fittings or 
soldered with solders having a melting point exceeding 1000 
F. Valve seat material, packing, gaskets, etc., shall be of such 
quality as to be resistant to the action of liquefied petroleum 
gas in the liquid phase. 

Hose Specifications. Hose shall be fabricated of materials 
that are resistant to the action of liquefied petroleum gases. 

Hose subject to container pressure shall be designed for a 
bursting pressure of not less than five times the pressure for 
which the container was designed. Hose connections when 
made shall be capable of withstanding a test pressure of twice 
the pressure for which the container is designed. 

Filling densities. The “filling density” is defined as the per 
cent ratio of the weight of the gas in a container to the weight 
of water the container will hold at 60 F. The filling densities 
for storage containers shall not exceed the ratios following: 


Maximum Permitted Filling Density 
Aboveground containers 

Specific 

gravity 


Underground 
containers 
all capacities 


0 to 1200 gals.* 

at 60 total water cap. 
.473— . 480 38% 

181— 488 39 ' 

{SO $95 10 t: 

1 

4 


Over 1200 gals 
total water cap. 
11% 


196 503 11 
510 12 5 
519 13 16 


527 17 


609 5! 

618—.626 56 59 

627 ie f 60 

*Interstate Commerce Commission filling densities effective on the date 
of adoption of this standard. 

Safety Devices. Every container and every vaporizer, 
whether heated by artificial means or not, shall be provided 
with one or more safety relief valves of spring-loaded or 
equivalent type. These valves shall be arranged to afford free 
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vent to the outer air with discharge of not less than 5 ft hori- 
zontally away from any opening into the building which is 
below such discharge. The area of the discharge shall be suffi- 
cient to prevent the building up of pressures in excess of 120 
per cent of the maximum permitted setting of the safety re- 
lief valves on the container and in accordance with the regu- 
lations of the National Board of Fire Underwriters, as con- 
tained in its Pamphlet No. 58. (Revised January, 1947.) 

Container safety relief valves shall be set to start to dis- 
charge as follows, with relation to the container type: 


Maximum 


125% 


Minimum 
100% 


Containers 
_E.-U-68, U-69 


| 
S.M.E.-U-200, U-201. . 90 100 
.P.1.-A.S.M.E. ; 80 100 


Electrical Connections and Open Flames. In vaporizer or 
pump houses, in cylinder filling rooms and similar locations, 
all electrical installations shall be in strict accordance with 
the requirements of the National Electrical Code for Class I, 
Group D hazardous locations. 

In vaporizer or pump houses, in cylinder filling rooms and 
similar locations, open flames or other sources of ignition 
shall not be permitted. 

Design Working Pressure and Classification of Storage 
Containers. Storage containers shall be designed and classified 
as follows: 


For gases 
with vapor 
pressure 
not to 
exceed lbs. 
“(on- per sq. in. 
tainer gauge at 
type”’ 100° F 
100 100 
125 125 
150 150 
175 175 


200 200 


Minimum design working pressure 
of containers by: 


A.S.M.E. 
code 
U-68 
U-69 

100 Ib Ga. 
125 lb Ga. 
150 lb Ga. 
i 
i 


A.S.M.E. 
code 
U-200 
U-201 


A.P.I.- 
A.S.M.FE. 
code 
125 Ib Ga. 
156 Ib Ga. 
187 Ib Ga, 
219 lb Ga. 
250 Ib Ga 


175 lb Ga. 


200 Ib Ga. 225 Ib Ga. 


The shell or head thickness of any container shall not be less 
than 3% inch. 


Note: Because of low soil temperature usually encountered, and the 
insulating effect of the earth, the average vapor pressure of products stored 
in underground containers will be materially lower than when stored above- 
ground. This reduction in actual operating pressure therefore provides a 
substantial corrosion allowance for these containers when installed under- 
ground. 

Capacity of Liquid Containers. No liquid storage con- 
tainer shall exceed 30,000 standard U. S. gallons capacity. 

Installation of Storage Containers. Containers installed 
above ground (except “skid tanks”) shall be provided with 
substantial masonry or non-combustible structural supports 
on firm masonry foundations. 

Except as modified by the note, above ground containers 
shall be supported as follows: 

Horizontal containers shall be mounted on saddles and se- 
cured thereto in such a manner as to permit expansion and 
contraction. Every container shall be so supported as to pre- 
vent the concentration of excessive loads on the supporting 
portion of the shell. Structural metal supports may be em- 
ployed when they are protected against fire in an approved 
manner. Suitable means of preventing corrosion shall be 
provided on that portion of the container in contact with the 
foundations or saddles. 

Note: Containers of 1,200 gallons water capacity or less 
may be installed with non-fireproof ferrous metal supports if 
mounted on concrete pads or footings, and if the distance 
from the outside bottom of the container shell to the ground 
does not exceed 24 in. 

(Information and data from publications of the National 
Board of Fire Underwriters: Pamphlet No. 58 — Liquefied 
Petroleum Gases — March 1949. Pamphlet No. 59 — Lique- 
fied Petroleum Gases at Utility Gas Plants—March 1949.) 
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TANK FORMULAS 


The following tormulas have been selected to facilitate the 
rapid calculation of capacities of various types of storage 


tanks in gallons and barrels. 


Uniform Notations: 


B — Capacity of each dished head in United States 
gallons. 

B, — Total capacity of both dished heads in United 
States gallons. 

C,, — Total 


States gallons). 


capacity of tank in barrels (of 42 United 


C,, — Total capacity of tank in United States gallons. 
Cyr — Capacity of cylindrical portion of tank in United 
States gallons per foot length. (Flat heads.) 

D — Inside diameter of tank in feet. 

G — Liquid contents of partially filled tank in United 
States gallons. 

L — Length of cylindrical portion of tank in feet. 

b — Dish of head, bead line to inside of plate (height of 
arc) in inches. 

d — Inside diameter of tank in inches 

h — Depth or height of liquid in tank in inches. 

] — Length of cylindrical portion of tank in inches. 


r — Radius of dished head (where different from tank 
diameter) in inches. 


Capacity of Vertical Cylindrical Tanks with Flat Heads 

R — Inside radius of tank in feet 

H — Height of liquid in feet. 

Capacity in United States gallons, per foot depth 
Ci. = 23.501 R*. 

Total capacity in United States gallons 
C. = 23.501 RH. 

Total capacity in barrels (of 42 United States gallons) 
C,, = 0.56 R?H. 


Capacity of Horizontal Cylindrical Tanks with Flat Heads 
Total capacity in United States gallons 
C. = 0:0034 dé. 
Total capacity in barrels (of 42 United States gallons) 


C, = 0.14 D2L. 


Capacity of Horizontal Cylindrical Tanks with Dished Heads 


(where radius of dished head equals diameter of tank) 
Total capacity in United States gallons 
C, = 0.0034 d?l 0.0004664 d®. 
Total capacity in United States gallons 
C=36/3 09 0.806 D*. 
Total capacity in barrels (of 42 United States gallons) 


C,, = 0.14 D?L + 0.019 D®. 
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Capacity of Dished Head of any Radius 


Capacity of each dished head in United States gallons 
B = 0.0045333 b? (3r — b). 


Capacity of Spherical Tanks 
Total capacity in United States gallons 
C, = 0.0022666 d°. 
Total capacity in United States gallons 
C, = 3.9168 D*. 
Total capacity in barrels (of 42 United States gallons) 
C,, = 0.093257 D*. 


Liquid Contents of partially filled Tanks 
Horizontal Cylindrical Tanks with Flat Heads: 
Liquid contents in United States gallons. 


i—%h d—2h , 
es a Vad]. 


l 
G . [0.004363 d? Cos” 
731 


d — 2h : . ; 
es read inverse cosine of 


d— 2h ; d — 2h 
, or are cosine - 
d d 


The notation Cos"! 


) means the angle (in de- 


d — 2h 
d ‘ 


grees) whose cosine is equal to 


The use of this inverse function can best be illustrated by 
an example: 


Find the number of gallons contained in a horizontal 
cylindrical tank with flat heads, if the tank inside diameter is 
100 inches, the length 50 inches, and the tank is filled with 
liquid to a depth of 10 inches. Substituting in the above 
formula, 


50 
G : [ o.o0ss0 100)*Cos"! 
231 


100— 20 100—20 - 

_ \/10(100 — 10) }, 
100 2 

G = 0.21645 [ 43.63 Cos! 0.80 — 40\/900 ]. 


But, as stated above, Cos 0.80 means “the angle of which 
the cosine is 0.80.” From a table of natural cosines the angle 


is found to be 36° 52’ or 36.87°. Substituting this value for 


Cos! 0.80 we have, 
G = 0.21645 (43.63 
G = 0.21645 x 408.6, 


G = 88.45 gallons. 


36.87 — 1200), 


Note: In calculating liquid contents of partially filled 
tanks, use formula for tanks up to half full. For tanks over 
half full, calculate capacity of unfilled portion and subtract 
from capacity of full tank. 


Spherical Tanks: 
G = Liquid contents in United States gallons 
= 0.0022666h?(3d — 2h). 


AMERICAN GAS JOURNAL, November 15, 1955 








VAPOR PRESSURES OF PROPANE, BUTANE AND ISOBUTANE 


P Butane 

ropane . sobutane 

a Pressure lbs er Sq. In. Isobutane 
| 1 


Temp. 
Deg. F. Absolute Gauge Absolute Gauge Absolute Gauge 


1% 
*14 


75 ».o0 
70 37 
65 8.48 
60 9.72 
55 be 


12 


14 


15 


50 
55 
60 
65 


70 


75 
80 
85 
90 


95 


100 
105 
L110 
115 
120 


125 

130 r 257 .3 81 
135 ; 273.3 87 
140 2 g2 
145 100 


150 108 
155 115 
160 122 
165 130 
170 140 


175 150 
180 160.0 


*Inches of mercury below one standard atmosphere (29.92 in.). 
Dana, Jenkins, Burdick and Timm, Refrigerating Engineering, June 1926. 
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Design and Operation of Baltimore 


FEATURES that should be incorporated in the design of 
a hot oil fogger to obtain continuous trouble-free operation, 
adequate control of fogging rates and maximum fog stability 
are briefly as follows: 

1. No heat should be applied directly to the oil. The neces- 
sary heat should be applied to the “sweep” gas before con- 
tracting the oil to be vaporized. In this way the possibility of 
the carbonization of the oil on heat transfer surfaces with 
consequent adverse effect on fogging rates is avoided. 

2. The heated gas should preferably be made to flow 
counter-current to the oil in order to obtain maximum vapor- 
ization of the oil for a given sweep gas flow and temperature. 

3. In order to adequately control the fogging rate, the 
fresh oil should be added to the heated gas stream in a posi- 
tively controlled manner which eliminates any possibility of 
flooding and over-fogging. 

4. In order to maintain constant fogging rates, the spent 
cil residue should be removed continuously from the vapori- 
zation tower of the fogging equipment and not permitted to 
return to or mix with the fresh fogging oil. 

5. The hot gas carrying the oil vapor should be introduced 
directly into the main gas stream. In this way the gas is cooled 
rapidly and a high concentration of fog particles is avoided 
and coalescence thereby reduced. 

6. Open flames should be eliminated to reduce fire 
explosion hazards. This permits the installation of these 
gers at the most advantageous locations. 

7. Asa further safety measure, the heating of large vol- 
umes of oil in the fogger should be avoided. The design 
should also permit the storage of fogging oil at any conven- 
ient, safe location. 

The small fogger designed for an outlying station where 
oil requirements are limited to a few gallons per day is de- 
signed to operate at a station where the gas pressure is re- 
duced. The sweep gas is passed through the fogger from the 
high to the low pressure main and the gas flow is controlled 
by adjusting the pressure regulator. 


and 


fog- 
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FIG. 1. High capacity-low pressure oil fogger 30,000 cu ft steam 
heated sweep gas per hr. Designed to fog 100 gal oil per day. 
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[wo thermoregulators are connected in series and ar- 
ranged so that if the controlling regulator should fail, the 
second will operate at a temperature 50 F higher. 

[he temperature of the gas is usually maintained at 350 
to 400 F. However, it has been determined that temperatures 
as high as 500 F may be employed without decomposition of 
gas or oil. Use of higher temperatures permits increasing 
fogging rate. 

The fogging rate is controlled by the rate at which oil is 
delivered to the tower. 

Fresh oil is added continuously to the vaporizing tower 
and the uncaporized residue is collected in a reservoir at the 
bottom, out of contact with the gas stream. Not more than 80 
to 90 per cent of the oil added should be vaporized in order 
that the residue may remain fluid and drain readily from the 
tower packing. The percentage of the oil vaporized may be 
controlled by either changing the sweep gas rate or the operat- 
ing temperature. 

Fig. | shows a large oil fogger designed for use at the prin- 
cipal distribution center where steam is readily available. 

In this installation the sweep gas is heated by steam in a 
heat exchanger. The oil is atomized into free space between 
layers of Raschig rings. 


Distance Tests 

One fogger, when placed in operation, was fogging oil 
at a rate of 50 gallons per day, which was equivalent to %4 
of a gallon of oil per million cubic feet of gas. When oil had 
appeared at four test points in the distribution system and 
could be definitely identified as fogging oil, these distances 
from the fogger were noted: 

Northeast 

North test 

East test 

South test . 


test 


2.4 
8.8 


miles 
miles 
3.9 miles 
coe ot a ek or See 

The excellent stability and transit of the fog produced by 
this equipment is also demonstrated by the fact that only 
neglilible amounts of oil have been found in the mains close 
to the fogging locations. Control is further demonstrated by 
the fact that excessive oil is found in customer services lines 
located close to the fogging points. 

The fogging oil used is a paraffin base oil which has been 
acid washed and distilled. It is made from selected stock to 
assure stability. Its distillation range is 

I per cent over 587 F 
5 596 

20 601 

50 610 

7 623 

90 646 

99.3 668 

The viscosity of the oil is approximately 50 seconds at 100 
F, Saybolt Universal. 

It is the practice to condition new or dry systems with 
oil fog at a rate of 1% to 2 gallons of oil per million 
cubic feet of gas. It is believed that about one gallon per mil- 
lion is sufficient once the system becomes oil wet. 

Because of the high stability and carry of the fog made with 
equipment these quantities are usually adequate. High fog 
concentration should be employed with caution because of 
possible trouble due to oil in customers’ appliances. 


American Gas Handbook, November 15, 1953. 


Abstracted from article by O. W. Lusby. 
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Basically, corrosion in pipe line and distribution lines can 
be controlled by one or more general methods. These include 
the selection of right-of-way to avoid obvious or highly cor- 
rosive spots; coating of pipe with a protective film or wrap- 
per; or imposing a flow of current on the pipe with galvanic 
cells or electronic rectifiers. 

The right-of-way for a line is normally selected to approxi- 
mate a straight line between points and at the same time per- 
mit ease of construction and maintenance. Where the corro- 
sive areas indicated soil surveys are small, the pipe line right- 
of-way can in many cases be altered with out appreciably in- 
creasing construction or maintenance costs. Where highly 
corrosive areas are large, it is usually more economical to re- 
sort to a concentrated program of protective coatings and 
cathodic protection. 


A number of pipe coatings for the control of external cor- 
rosion are in use at this time. Types include asphalts, coal 
tars, plastics, mastics, greases and concrete. Also, galvaniz- 
ing is successfully used in some areas. Galvanized pipe is not 
generally considered well adapted for underground use be- 
cause of galvanic corrosion. It is being used to good advan- 
tage in dry soils and for the prevention of atmospheric cor- 
rosion, 


Concrete coatings were at one time very popular. How- 
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ever, the cost is relatively high and it presents some difficulty 
in handling. Since the coating has a tendency to absorb mois- 


ture, check and crack, its use is not extensive at this time. 


Bituminous coatings, coal tar and asphalt, are probably 
the most widely used coating materials of the present day. 
Both are manufactured in a wide variety of specifications to 
meet the many application requirements. Coating thicknesses 
used are in the order of 3/32 of an inch. One of the most im- 
portant steps in the application of the coating is the prepara- 
tion of the pipe. The pipe should be clean, free of dirt, mois- 
ture, mill scale and the like, and should be primed with ma- 
terial to bond the coating to the pipe. 


Plastics, which are inert to corrosive elements and are 
good electric insulating materials, are being used to a great 
extent on pipe line and distribution lines. Plastic in the form 
of hot coatings and wraps are in use. Self sealing plastic wrap- 
pings are in use that are applied with out coatings or under 


coatings. 


Cathodic protection is often applied to both lines and to 
surface equipment. It is primarily applicable to the prevention 
of cathodic or the current transfer form of corrosion. Protec- 
tion is provided by impressed current supplied by DC recti- 


fier or natural galvanic cells, such as the magnesium anode. 





fier and ground bed (anode). 








FIG. 1. Cathodic protection: Single recti- FIG. 2. Cathodic protection: Rectifier and FIG. 3. Cathodic protection: Distributed 
distributed ground bed or anodes. 


rectifiers with single ground beds. 








Considerations in Selection of Pipe-Protection 
Material 
Twelve summary points of consideration in the selection 
of a material for underground pipe protection, viewed with 
respect to job requirements, are: 
1. The material must adhere tenaciously to the pipe. 
2. It should be non-absorbent and impervious to water, 
moisture vapor, etc. 
3. It should possess good dielectric qualities. 


4.- It should be completely resistant to mineral acids, al- 
kalies, salts, petroleum oils, and refined products such 
as gasoline and naphtha. 


It should remain flexible at all temperatures. 


GAS HANDBOOK ISSUE 








Soil stress and pipe movement should not affect it. 


7. Application should be simple, without unwieldly equip- 
ment, and preferably without heat and primer. 

8. It should resist penetration by stones, wires, welding 
rod scraps, and other sharp materials found in the 
ditches and backfill. 

>. It should be able to withstand rough handling without 
damage. 

10. It should be quick setting and fast drying. 

11. It should provide permanent protection to the pipe, 
yet not be prohibitive in cost. 

2. The coating must be resistant and impervious to micro- 

organism attack. 
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Cathodic interference. 


FIG. 7. Cathodic protection 
anodes in series installation. 
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FIG. 6. Cathodic protection: Single anode 
installation. 
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FIG. 8. Cathodic protection: Mangnesium 
ribbon installation. 








Cathodic 


Although this method of protection is rather simple in 


Protection 


principle, its application can become complicated, parti- 
cularly if there are other underground structures in the same 
area. Technique of distributing the “impressed current” 
along the pipe line can be accomplished by many different 
methods. Typical wiring diagrams for some of these methods 


are shown in Figures 1, 2, and 3. 


The cathodic system of protection is also susceptible to 


complications because of what is called 


“cathodic inter- 


ference” (Fig. 4.). Suppose, for example, there is a high pres- 
sure line going through that portion of a distribution systein 


in which it is desired to “impressed current.” This high pres- 
sure line may also pick up current from the ground and 
carry it to some place where the high pressure line crosses 
Over or goes near the distribution line. Then because the 
current has to get back to the power source, it will jump 
from the high pressure line to the ground to the distribution 
line. The short section of the high pressure lines becomes an 
anode. Every ampere of current leaving the pipe in this area 
will carry pipe wall metal with it, 20 pounds per ampere per 
year, and leakage in the high pressure line is inevitable. 


The same sort of cathodic interference may be caused by 
reason of some other company installing “impressed current” 
protection for their system of cables or pipe lines as illu- 
strated in Figure 5. 


Where electrical power is available, selectively placed rec- 
tifiers and regulators are used in most applications. Where 
power is not available or locations are not easily maintained, 
the magnesium anode type of galvanic cell is most commonly 
used. Generating current in a similar way to a flash light bat- 
tery, the anode is buried in soil which forms the cathode por- 
tion of the cell. In generating the electrical energy, the mag- 


nesium of the anode is consumed. Size of the magnesium 
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anode, or ingot used is based on current requirements and the 
expected operating life of the pipe line or distribution sys- 
tem. 


The ingots of magnesium used to create galvanic cells may 
be any one of a number of different sizes and weights. The 
sizes Ordinarily used are 4, 8 12, 16, and 32 Ib. 


Still another type of magnesium anode is in the form of a 
ribbon about % in. x %4 in. with a solid iron wire as a core. 


Except for the ribbon type anodes, the magnesium is usu- 
ally installed by digging a hole deep enough to put the ingot 
of magnesium about on a level with the pipe line, filling in 
around the magnesium with some sort of special “backfill.” 
[he purpose of the “backfill” is to provide better electrical 
efficiency for the magnesium. 

Figures 6 and 7 show typical installations of magnesium 
ingots. 

When the ribbon type magnesium anode is used, it is 
plowed under the surface of the ground and parallel to the 
pipe line. The pipe and ribbon are connected by insulated 
wire at intervals along the length of the installation. This 
continuous ribbon type anode is normally installed using a 
conventional cable laying plow (Figure 8). 

Most installations of magnesium are designed so that the 
magnesium anodes will provide a small amount of current 
flowing onto each square foot of the pipe line and still have 
sufficient mass of magnesium to last at least 25 years 

The type of anode installation to be made is a matter of 
choice to the corrosion engineer. The installation he selects 
will depend upon a number of factors such as the size of 
the pipe line, the number and activity of the galvanic cells 
existing along the pipe line, whether or not the soil offers very 
much resistance to the flow of electricity, and of course, how 
many years of life it is desired to add to the unprotected nor- 
mal life of the line. 
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It is important to understand what the term “pH” actually 
means. Briefly, pH is a measure of the acidity or alkalinity of 
a solution. 

pH does measure the strength of an acid; it does not neces- 
sarily measure the amount of the acid. Weak acids such as 
acetic can be added in moderate amounts to a solution 
without radically affecting the acidity. Similar amounts of 
strong acids like sulfuric, when added to the same solution, 
will cause a large change in acidity. Strength or weakness of 
an acid depends upon the extent of dissociation, or ioniza- 
tion, of the acid to give hydrogen ions. The greater the ion- 
ization of the acid, the more the hydrogen ion activity and 
the greater the acidity of the solution. 

The pH scale is a convenient logarithmic expression of 
the hydrogen ion concentration in terms of a normal solution. 
On this scale, 7 is neutral, while lower numbers indicate 
greater acidity and higher numbers, less acidity (greater al- 
kalinity). For practical purposes the pH scale is considered 
as encompassing the ranges 0 to 14, since solutions with pH 
values above or below this range are rarely encountered. On 
the pH scale, a solution of pH 4 is ten times as acid as one of 
pH 5 and one-hundred times as acid as a solution of pH 6. 
A small error in pH value can mean a large error in acid 
activity. A pH of 7 is neutral or neither acid nor alkaline. 

The two general methods for determining pH are the 
colorimetric and electrometic methods. The two operate on 
entirely different principles and have corresponding differ- 
ences in utility and accuracy. 

Careful consideration of each application is advisable be- 
fore deciding upon a particular method of pH measurement. 
Equal consideration should also be given to future applica- 
tions since the equipment for a given application may be 
of little value should requirements undergo a_ change. 


Colorimetric pH Measurements 

The colorimetric method for pH determination utilizes cer- 
tain organic substances, called “indicators,” which change 
color with change in pH. The simplest color pH test is by 
means of papers impregnated with indicator dye. These pa- 
pers are subject to a number of errors, some of which are 
discussed below. Under favorable conditions, and in experi- 
enced hands, “long-range” indicating papers may give an 
accuracy of about one-half pH, and “short-range” papers, 
one quarter pH. In general, however, results with papers 
should be considered only approximations of actual hydro- 
gen-ion concentration since important errors can occur under 
some conditions. 

Colorimetric pH measurements made by adding solutions 
of individual indicators to the sample are based on the as- 
sumption that when equal quantities of an indicator are added 
to equal quantities of solutions which have the same pH 
value, identical colors will be produced. While this is not 
strictly true, colorimetric pH determinations are useful, pro- 
viding proper care is taken in making each measurement. 

If the colorimetric method is used with samples of un- 
known pH, it is advisable first to make an approximate de- 
termination so that the proper indicator can be selected. Each 
indicator has a range of about 1.5 pH, and, by using a variety 
of indicator sets, most of the pH range can be covered. 

It is essential in making colorimetric measurements that 
the test tubes, pipettes, and other vessels used be kept scrupu- 
lously clean, and glassware, samples and indicator solutions 
be protected from fumes and dust. Care must also be taken 
to protect the colored “standards,” such as paper, celluloid, 
glass, or liquid, against fading. Comparison of sample color 
against standards must be made under ordinary daylight. If 
this is not possible, special accessory illumination equipment 
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should be employed to simulate daylight conditions since ordi- 
nary artificial light is not satisfactory. 

Some limitations of the colorimetric method are apparent. 
The method depends upon acuteness of vision; cannot be 
adapted to continuous pH measurement or automatic pH 
control; requires a number of chemicals, racks and special 
glassware; is not useable in enclosed systems such as pipe 
lines. Additional difficulties are encountered especially in 
field measurements, notably that the colorimetric method is 
inapplicable to colored or turbid samples, often encountered 
in corrosion measurements. 

It is also important to understand some of the method's 
less obvious limitations. It has been found that the addition 
of the indicator, actually a weak acid or weak base, changes 
the pH of the solution under test. In the case of slightly 
buffered or unbuffered solutions, this error can be a good 
fraction of a pH unit or more. Temperature errors are also 
encountered — phenolphthalein, for example, introduces an 
error of 0.15 pH per 10° C change. Other errors arise from 
specific adsorption effects in colloidal suspensions, from salt 
effects, dilution, dichromatism, hydrolysis, chlorination, etc. 

In some cases, special equipment or techniques can be em- 
ployed in an effort to eliminate or correct for these errors. 
Generally, however, complications occur and, especially 
where accuracy is a consideration, the electrometric method 
should be employed. 


Electrometric pH Measurements 

[he electrometric method takes advantage of the fact that, 
with two electrodes in the solution, a voltage is developed at 
the electrode which is directly related to the pH. By amplify- 
ing and measuring this voltage, the pH of the solution can be 
read directly from a suitable meter scale. Modern pH meters 
employing the glass electrode operate in precisely this fashion. 

Among the advantages of the electrometric method are 
greater versatility, accuracy and convenience of use. Meas- 
urements can be made under virtually all conditions of tem- 
perature, pressure, and composition of solution in the field as 
well as in the laboratory. 

The two principal units required for electrometric determi- 
nations are the pH meter and an electrode pair. The elec- 
trode pair consists of a reference electrode, usually a calomel 
type, and a pH-sensitive electrode which can be one of several 
types. 

One such type is the hydrogen electrode on which the pH 
scale is based. The hydrogen electrode, however, is not con- 
sidered practical, since the use of hydrogen gas is inconven- 
ient and the electrode is readily poisoned by many substances. 
Another pH-sensitive type is the quinhydrone electrode 
which, under favorable conditions, works rather well in the 
acid region. A third type is the antimony electrode which 
undergoes a change in potential more or less related to 
change in pH. All three types have at least one basic fault: 
in the presence of oxidizing or reducing substances in the sam- 
ple, reactions occur at the electrodes which give rise to mis- 
leading results. The one electrode which is ideally suited for 
pH measurements is the glass electrode. 

The performance of the glass electrode depends largely 
upon the type of glass from which the pH-sensitive immer- 
sion tip is made. In the past, most electrodes used thin bulbs 
of sodalime glass. A recently developed electrode uses gen- 
eral purpose glass, and the manufacturer claims it is superior 
because of its greater versatility. This new glass enables a 
single electrode to cover the temperature range from freez- 
ing to boiling as well as almost the entire pH range. The glass 
tip is so rugged that it can withstand considerable abrasion 
and even accidental impact against hard objects. Of special 
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interest for field use is the ability of this general purpose glass 
electrode to measure the pH of soil or surfaces which have 
only a trace of moisture. There is virtually no danger of 
breakage even if the electrode is thrust into the soil. 

With ordinary electrode glasses, and to a lesser extent with 
general purpose glass, deviations from the actual pH occur 
in high pH solutions containing high concentrations of so- 
dium ions. Sodium-ion errors can either be compensated for 
by adding corrections obtained from a chart, or eliminated 
by using glass electrodes made from either amber glass or 
type “E” glass. Amber glass is recommended by one manu- 
facturer for high-temperature measurements at any pH, even 
in boiling solutions of high acidity or alkalinity. 


The pH Meter 
pH Meters are available for every set of requirements. For 
portable field use, instruments are available which carry the 
necessary items for pH measurement within its case. These 
are simple to operate and withstand even rough handling. 
For the laboratory, battery-operated and a-c operated pH 
meters are available. Continuous fully-automatic pH record- 


ing and control of process solutions in pipelines, vats and 
tanks is made possible by the large, line-operated pH indi- 
cators. 

Actual operation of some makes of pH instruments has 
been considerably simplified. With the electrodes in the sam- 
ple, all that is necessary to make a measurement in a series 
is to move the knob or push button, and the pH reading ap- 
pears directly on a dial or meter. With these modern instru- 
ments, standardization requires only a single buffer check. 
Temperature compensation is generally built into the meter, 
and no calculations are required. One manufacturer supplies 
an internally-shielded glass electrode with a continuous, 
shielded cable and has eliminated the otherwise-serious effects 
of electrostatic interference, so that accurate measurements 
can be made even in the presence of powerful electrical ma- 
chinery. Maintenance consists merely of occasional addition 
of saturated KCI solution to the reference electrode; newly 
designed glass electrodes are entirely factory-sealed. 


Adapted from—Reference Book on Instruments. 
Issued by—American Gas Association. 


Nipple-and-Can Test of Soil Corrosivity 


In the nipple-and-can method the soil corrosivity is de- 
termined by the loss in weight of a steel nipple that is im- 
mersed in the nearly water-saturated soil and subjected to 
electrolysis under a potential two volts for 24 hours. 

The nipples used are 4” unthreaded lengths of 2” stock 
black pipe which are cleaned by sandblasting, and identified 
by letters or numbers stamped near one end. Used nipples 
may be sandblasted and used again. All foreign material such 
as rust, paint, grease or dirt is removed with a wire brush or 
a suitable solvent, such as benzene or carbon tetrachloride. 
After sandblasting the nipples are wire-brushed to remove 
any particles of sand adhering to them. The nipples are then 
weighed, the weight being determined in grams to the first 
decimal. 

The soil sample is crushed with mortar and pestle, if neces- 
sary, and all extraneous matter, such as plant roots, leaves, 
wood, paper and asphalt, is removed. Samples containing 
excess water are air dried. Do not drain off any excess water. 

A one-pint friction top can, 4” deep by 314” diameter, 
with cover and top rim removed is used as a container, and 
also serves as the cathode of the test cell. It may be used over 
and over until it corrodes through, as long as it is thoroughly 
scrubbed with a brush and hot water between each test. 

The test cell is assembled by inserting a No. 1 rubber 
stopper in the unidentified end of a nipple leaving 12” pro- 
truding, and placing this assembly in the center of the can 
with the stoppered end down, the stopper serving as an in- 
sulator. A cork stopper is placed in the upper end of the 
nipple to prevent any soil getting inside the nipple. Soil and 
distilled water in the correct proportions to bring the soil 
slightly below the saturation point are placed in the can 
around the nipple, filling the can nearly to the top. More 
water may be added later if the soil dries out, as it is im- 
portant that the soil remain at least 50% sautrated through- 
out the test. Soils that do not readily absorb water may be 
mixed before placing in the can. 

The cork stopper is removed from the nipple, and the nip- 
ple is connected to the positive terminal of a two-volt stor- 
age battery, making it the anode. The negative terminal of 
the battery is connected to the can. After a period of 24 hours 
the battery is disconnected, the nipple is removed and imme- 
diately washed in warm tap water, steel wool being used to 
remove the soil and heavier corrosion products if necessary, 
and then placed in a boiling 2% solution of ammonium citrate 
until thoroughly clean. The nipple is then washed with boil- 
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ing water, air dried, and weighed. The loss in weight is re- 
ported as the nipple-and-can corrosion index. 

Where a large number of tests are to be made it is con- 
venient to assemble a number of cans, such as twelve, in a 
wooden rack, the cans being soldered to copper or brass 
strips mounted on removable shelves, the strips being con- 
nected to the negative terminal of the battery. Wires. are 
mounted on the under side of the shelves, to which are con- 
nected flexible wires terminating in battery clips, which may 
be fastened to the nipples. These wires are connected to the 
positive terminal of the battery through a time switch, which 
may be set for the required 24-hour period. This allows tests 
to be run over the weekend, and eliminate the human element 
in timing the test. No. appreciable error is introduced by al- 
lowing the nipples to remain in the soil for a day after the cur- 
rent is shut off. 


Classification of Soils 

The following classification has been arbitrarily chosen as 
satisfactory. 
Corrosion 

index 

0.0 to 0.5 
0.5 to 0.75 

0.75 to 1.5 
1.5 and over 


Soil ma p 
Types of soil Color code 
A — Good 
B — Fair 
C — Bad 
D — Very bad 


Green 
Yellow 
Brown 
Red 


This method has been used extensively and appears to be 
satisfactory for the types of soils occurring in California and 
other areas where the soils are alkaline. There are few checks 
on the reliability of the method when applied to the acid soils 
of the East. Some of the advantages of the test are ease of 
manipulation, speed (many tests may be run at the same 
time), and the extensive correlation that has been obtained 
with field experience. Some of the objections to the test are 
that the applied voltage is greater that that occurring in soil 
corrosion, and that the loss of weight is caused by and is 
proportional to the current flowing. The current is determined 
by both the soil resistance and polarization. However, it has 
been shown that similar data are obtained when six volts is 
used, and the decrease in current due to polarization seems 
to be a characteristic of the particular soil. 


Adapted from—Reference Book on Instruments. 
Issued by—American Gas Association, 
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How To Compute Flow of Gas 
Through Orifice Meters 


Table and figure numbers given here are the same as given 
in ‘Gas Measurement Committee Report, No. 2, American 
Gas Association, from which these data were taken.—Editor. 


General Equation 


In the measurement of most gases, and especially natural 
gas, it is almost the universal practice (in the United States) 
to express the flow in cubic feet per hour referred to some 
specified reference or base condition of pressure and tem- 
perature. For the calculation of the quantity of gas the com- 
mittee* recommends the continued use of the formula: 


Qi, C’ \ AyPy 
in which 
Q,, = Quantity rate of flow at base conditions, ft*/hr. 
C’ = Orifice flow constant. 
h,, = Differential pressure in inches of water. 
= Absolute static pressure in lbs/sq in. 


Orifice Flow Constant 


The orifice flow constant, C’, may be defined as the rate of 
flow, in cu. ft. per hour, at base conditions, when the exten- 


sion, \/h,p, equals one. It was formerly known as the “flow 
coefficient.” It is here called “orifice flow constant.” It is to be 
calculated by the following equation: 


C =F, 
in which 
F,, = Basic orifice flow factor 
= Reynolds’ number factor 
= Expansion factor 
= Pressure base factor 
= Temperature base factor 
. = Flowing temperature factor 
F,, = Specific gravity factor 


F,,, = Supercompressibility factor 


It will be noted that all of the factors used in calculating 
the orifice flow constants are familiar except F,, F,,, Y and F.,,,. 


The values of all the factors F,,, F,, etc., are obtained from 
the tables. The following method is for a meter with flange 
taps. The method for a meter with pipe taps will be exactly 
the same, except that the tables for pipe taps will be used. 


Basic Orifice Flow Factor 
The basic orifice flow factor, F,,, is taken directly from 
Table 4, for the correct orifice and pipe size. For sizes not 
listed in this table, the value of F,, may be found by calcula- 


*From the Gas Measurement Committee Report, American Gas Association. 
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Orifice Recommended Maximum Allowable Tolerance between 

non Measured inside Diameter of the upstream section of 

the meter run, and the Published “Approximate In- 

Pipe ternal Diameter”, which was used in Computing Basic 
Diameter Orifice Constants of this Report. 





Ratio “6” Flange Taps Pipe Taps 








10 to 

25 to . 
35 to « 
45 to . 
55 to J 
65 to . 


5.0% 
3.0% 
2.0% 
1.5% 
1.0% 
0.5% 


3.5% 
2.0% 
1.0% 
0.6% 
0.3% 
0.2% 














tion as explained Appendix B of this report. (Interpolation 
should not be relied upon). The pipe diameter of the orifice 
sections, it is important to point out, should be within the 
limits specified in Table 2. If the value of D, is outside of 
those limits the flow factors of Table 4 cannot be relied upon. 
Then the exact value of F,, should be calculated, for the parti- 
cular value of “8” based on the actual value of D.. 


Reynolds’ Number Factor 


The Reynolds’ number factor, F,, is taken from Table 6. 
For its determination the average extension at which the 
meter operates must be known.in addition to the orifice and 
pipe size. 

The value of \/h, py (extension) used in selecting the F, 
factor from Table 6 may be based upon the meter record, or 
estimated from a knowledge of the average static pressure and 
the average differential at which the meter may operate. This 
extension, it should be noted, is an index with which a factor 
is selected, and does not enter directly into the computations. 
An extension value selected as suggested will probably be 
sufficiently close to the average operating conditions of the 
meter for selecting the proper value of F,, especially since the 
variations in F, corresponding to values of \/hyp, above or 
selow the selected average will be compensating (plus or 
minus) over any appreciable length of time. 

The tables, it should be noted, have been calculated by us- 
ing average values of viscosity, 0.0000069 Lb/ft-sec, of 
temperature, 520° F. absolute, and of gravity, 0.65, apply- 
ing particularly to natural gas. If the gas being metered has a 
viscosity, temperature or gravity quite different from these, 
the value of F, in Table 6 may not be applicable. However, 
for variations in viscosity from .0000059 to .0000079, in tem- 
peratures of from 490° to 550° F. absolute, or in specific 
gravity of from .55 to .75, the variations in the factor F, 
would be well within the tolerances given for this report. 


Expansion Factor 

The expansion factor, Y, is to be taken from Tables 8, 9, or 
10, depending upon the tap location from which the static 
pressure is taken. Here the ratio h,,./p,; is an index with which 
the value of Y is selected, and may be based upon the meter 
record, or estimated from the average static pressure and the 
differential at which the meter may operate. The effects of 
operating variations from this “average” h,,/p, will ordinar- 
ily be compensating. 

For meters with flange connections, the variations to be 
expected in meter accuracy from the average will be greater 
or less depending on whether upstream, downstream or in- 
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termediate pressure connections are used. As the h/p ratio 
in increased, it will be observed, the use of the intermediate 
Static pressure gives the minimum departure from the mean 
condition used in the selection of the expansion factor. 

With orifice meters using “pipe taps” the variation from 
the mean estimated operating value of h/p used in the de- 
termination of the expansion factor (Y) result in the greatest 
variation in the value of Y when upstream static pressures 
are used. The use of intermediate static pressures in connec- 
tion with pipe taps has little advantage, since it only slightly 
reduces the variations in Y resulting from departures from the 
mean. The use of downstream static pressures for this type of 
connection results in the least change in the values of Y due 
to changes in the values of the h/p ratio from the mean op- 
erating value. 

Note — In use it may be found that a group of meters in 
the same locality, or operating under the same 
conditions, will have the same values for F,, and 
Y. If this is true the flow constants in this group 
will be the same for all plates of the same size and 
ratio. 


Pressure Base Factor 


The pressure base factor, F,,,, is taken from Table 13. 


Temperature Base Factor 


The temperature base factor, F,,, is taken from Table 14. 


Flowing Temperature Factor 


The flowing temperature factor, F,,, is taken from Table 
15, and should be based on the actual flowing temperature 
of the gas. 


Specific Gravity Factor 
The specific gravity factor, F,, is taken from Table 16, and 
should be based on the actual specific gravity of the gas as de- 
termined by test, and the portion of table nearest to this used, 
with linear interpolation if necessary. 


Application and Examples 
In the application of these factors, it will be noted that F,, 
Y. Fu» Fie: F, and F,, are multipliers, and may be applied 
either to the basic orifice flow factor, F,,, or to the calculated 
quantity rate of flow, as preferred. 
Examples of the calculation of the quantity rate of flow for 
various conditions, using the tables in this report follows: 


Example 1. 


Given: 


D, = Line size = 8” Nominal inside diameter 8.071" 


actual inside diameter. 


D, = Orifice size = 1.000”. 


Meter equipped with Flange Taps, with static pressure from 
downstream tap. 


T, = Flowing temperature 65 F. 


P,, = 4 oz above 14.4 Ib/sq in 
= pressure base. 


14.65 lb/sq in. absolute 


T,, = Temperature base = 50 F = 510 absolute. 
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Specific gravity = .570. 
Average differential head h, = 50” water. 


Average downstream static pressure, pp = 40 lb/sq in. abso- 
lute. 


Supercompressibility ratio (by test), N = 0.004. 


Required: 


The orifice flow constant and the quantity rate of flow for one 


hour at base conditions. 


Published approximate inside diameter of pipe = 8.071. 
Ratio actual inside diameter to approximate inside diameter 
1.000. 
Per cent difference = 0.0 therefore tables can be used. 
Average \ h,, pp = 44.72 
h, 
Average — = 1.25 
Pr 
From Table 4 for 1” plate in 8” line: 
F,, = 204.97 
From Table 6, 8” line 1” plate 
~ = 10017 
, = 1.0014 


then at \/hy, py = 44.72 F, 


for \ h, Pp, = 40 


F 
F 


% hy Pr ~~~ 50 
1.0015 


From Table 9 (Y, for downstream static pressure) 


= 1.2 and B = .1 and .2; Y, = 1.0080 


at Re = 1.3 and B = .1 and .2; 


Pr 


Y, = 1.0087 


Interpolating for 


h 
“ = 1.25 and B = .1239; 
Pr 
From Table 13 
for 4 oz above 14.4 lb/sq in.; 
From Table 14 
for 1, = 
From Table 15 
tor T, =.65 F; 


Y, = 1.0084 


F,, = .9829 


50 F; .9808 


= 9952 


From Table 16 
for Specific Gravity = .570; 


From Table 17 
for N = .004 


= 1.2245 


1.002 


Then the orifice flow constant is: 
C* = 20457 1.0015 «x 1.0088 x .9829 x .9808 x 
.9952 x 1.3245 + 1.0020 = 263.65 = Orifice Flow 
Constant 


and the rate of flow for 1 hour at base conditions is: 

Q,, = 263.65 \/50 x 40 = 11791 
The same value of Q,, is obtained if the computations are 
made in this order: 


50 x 40] x (1.0015 x 1.0088 x 0.9829 
0.9952 x 1.3245 x 1.0020) = 9166.5 
11791 


Q,, = [204.97 x 
x 0.9808 > 
1.2863 = 
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ORIFICE METER TABLES FOR NATURAL GAS 


The tolerances necessary in the use of any orifice meter do 
not warrant taking the values in these tables to be accurate 


the formulas used were derived and this size of plate should 
not be used unless it is understood that the accuracy of 


beyond one in 500. Four figures are given in all cases solely measurement will be relatively low. 
2 in the 
fourth significant figure regardless of whether it is on the right 
or left of the decimal. 

In some of the tables values of the constants for a few of 


to enable different computers to agree within 1 or In preparing these tables the intermediate steps were 


usually carried out to 5 or 6 figures and the final value 
rounded off to the nearest fourth or fifth figure. When the 
fifth or sixth figure was a “S” the fourth or fifth figure was 
the smaller orifices are marked with an asterisk, these orifices taken as the nearest even number. 


have diameter ratios lower than the minimum value for which 





TABLE 4 F, BASIC ORIFICE FACTORS — FLANGE TAPS 

Base Temperature — 60° F. Flowing Temperature — 60° F; “Pt = © 

Base Pressure = 14.4 Lb./Sq. in. abs; Specific Gravity = 1.0; h./p, = 0 
Pipe Sizes — Nominal and Actual Diameters 





6” Std. 8” Std. 
6.065 8.071 


4” Sid. 
4.026 
12.974° 
28.989° 
51.376 
80.218 

115.67 


3” Sed. 
3.068 
12.996" 
29.026 
51.444 
80.426 
116.16 
158.70 157.81 157.08 
208.21 206.62 205.45 
264.97 | 26221 | 20039 | 
329.41 324.72 321.93 
402.10 394.35 390.11 
483:80 471.35 464.98 
575.47 546.62 
678.61 635.11 
794.99 730.55 
926.76 833.06 | 
1076.6 942.83 
1251.2 1060.0 g 
1184.9 
1317.7 
1458.7 
1608.3 
1767.0 
1935.2 
2113.4 
2302.4 
2502.8 
2715.7 
2941.9 
3182.5 
3438.5 
3711.4 
T 4313.2 
5013.1 


2” Sed. 
2.067 
13.002 
29.079 
51.680 
81.129 
117.77 
162.11 
215.04 
277.93 
353.04 
443.44 
554.71 


10” Std. 
10.136 





51.328° 
80.080 
115.30 





156.82 
204.97 
259.0 
320.94 
388.73 
463.10 
544.07 
631.64 








259.27 
320.35 
387.95 
462.07 
542.73 
629.94 
725.90 723.73 
826.86 824.11 
934.59 | 931.10 
1049.1 1044.7 
1170.5 1165.1 
1299.0 1292.1 
1434.4 1425.8 
1577.1 1566.4 
1727.1 1713.8 
1884.6 1868.2 | 
2049.7 2029.5 
2222.7 2197.8 
2403.7 2373.4 
2593.1 2556.1 
2791.1 2746.2 
2998.0 2943.8 
3214.2 3149.1 
3439.9 3362.1 
3922.0 3812.1 
4448.7 295.5 
5024.8 4812.8 
| 5656.2 | 5369.9 
6349.6 5965.5 
7112.9 6604.3 
7956.0 7289.8 
8906.5 8026.3 
8818.7 
9672.0 
10592 
11587 
12664 
13851 


320.00 
387.47 
461.44 
541.93 
628.93 
722.48 
822.56 
929.21 

1042.4 
1162.3 
1288.7 
1421.7 
1561.5 
1707.9 
1861.0 
2020.9 

2187.6 

2361.1 

2541.5 

2728.9 

2923.2 

3124.6 

3333.1 

3772.0 

4240.5 

4739.6 

5270.4 

5834.0 

6432.1 

7066.1 
7738.1 

| 8450.0 
9204.9 

10006 

10856 

11759—SCt«*SY 

12719 

13741 

14830 

15991 

17231 

18564 

20014 


627.85 
721.15 
820.95 
1927.26 
| 1040.1 
1159.5 
1285.4 
1417.9 
1557.0 
1702.6 
1854.9 
2013.7 
2179.2 
2351.3 
2530.1 
2715.6 
2907.9 
3106.8 
3312.5 
3744.4 
4203.8 
4691.2 
5206.7 
5751.2 
6324.8 
6928.6 
| 7563.0 
8229.2 
8927.9 
9660.4 
10428 
. 71231 
12073 
12954 
13877 
| 14843 
15856 
16918 
18031 
| 19198 
20426 
21715 
23070 
24496 
25997 
27578 
29253 
| 31042 
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TABLE 6 
F, 
NUMBER FACTORS — FLANGE TAPS 
For 2” Line 


REYNOLDS’ 





\ hy P 
12 | 


20 | 





“407 43] so | 


- | 
1.0232 | 1.0206) 1.0185 | 1.0168 
1.0181 | 1.0161 | 1.0145 | 1.0132 
1.0147 | 1.0131} 1.0118 | 1.0107 
1.0126 | 1.0112] 1.0101 | 1.0093 
1.0118 | 1.0105 | 1.0094 | 1.0086 
need 1.0106 | 1.0095 | 1.0087 


1.0129 | 1.0114} 1.0103 
1.0144} 1.0128] 1.0115 
1.0161 | 1.0143} 1.0129 
1.0179| 1.0159] 1.0143 
1.0193 | 1.0172] 1.0155 


T 
} 


1.0009 | 1.0005 
1.0007 | 1.0004 
| 1.0006 | 1.0003 
| 1.0005 | 1.0003 
1.0005 | 1.0002 

1.0002 


1.0005 | 
1.0005 | 1.0003 
1.0006 | 1.0003 
1.0006 | 1.0003 
1.0004 


1.0007 
1.0008 | 1.0004 


a 
5.5 6.0 7.0 8.0 10 1S 25 30 | 35 { Ww 50 70 100 200 





1.0154 
1.0121 
1.0098 
1.0084 
1.0079 
1.0080 


1.0132 
1.0104 
1.0084 
1.0072 


1.0026 | 1.0023 
1.0021 | 1.0018 
1.0017 | 1.0015 
1.0014 | 1.0013 
1.0013 | 1.0012 
1.0014 | 1.0012 


1.0015 | 1.0013 
1.0016 | 1.0014 
1.0022 | 1.0018 | 1.0016 
1.0024] 1.0020 | 1.0018 
1.0026 | 1.0022 | 1.0019 


i 


1.0031 
1.0024 
1.0020 | 
1.0017} 
1.0016 
1.0016 


1.0116 
1.009] 
1.0073 
1.0063 
1.0059 
1.0060 


1.0093 
1.0073 
1.0059 
1.0051 
1.0047 
1.0048 


1.0077 
1.0060 
1.0049 
1.0042 
1.0039 
1.0040 


1.0052} 1.0043! 1.0034 | 1.0026) 1.0021 
1.0057 1.0048 | 1.0038 | 1.0029 | 1.0023 
1.0065 | 1.0054) 1.0043 | 1 0032 | 1.0026 | 
1.0072 | 1.0060] 1.0048 | 1.0036 | 1.0029 | 


1.0077 | wena | 1.0052 | }1 0039 1. 0031| 
| | 


1.0062 
1.0048 
1.0039 
1.0034 | 
1.0031 
1.0032 


1.0037 
1.0029 
1.0029 | 1.0024 | 
1.0025 | 1.0020) 
1.0024) 1.0019} 
1.0024 | 1.0019 


1.0046 
1.0036 


1.0019 
1.0015 
1.0012 
1.0010 
1.0009 
1.0010 


1.0010 
1.0011 
1.0013 
1.0014 
ns 


1.0013 
1.0010 
1.0008 
1.0007 
1.0007 
1.0007 
1.0007 
1.0008 
1.0009 
1.0010 
1.0011 


1.0067 
1.0068 


| 
1.0017 
1.0019 


1.0094 
1.0104 
1.0117 
1.0130 
1.0141 


1.0086 
1.0096 
1.0108 
1.0119 
1.0129 


1.0074 
1.0082 
1.0092 
1.0102 
1.0110 


1.0064 
1.0072 
1.0081 
1.0089 
1.0097 

















For 4” Line 





Vhy pr 

2 | 15 
l. 0105 | 1.0088 | 1.0070 | 
1.0091 | 1.0076 | 1.0060 | 
1.0078 | 1.0068 | 1.0032 | 
1.0067 | 1.0056 1.0045 | 
1.0058 | 1.0048 | 1.0039 | 
1.0050 | 1.0042 1.0033 | 


1.0044 | 1.0037 1.0029 | 1.0022 1.0018 
1.0040 1.0033 | 1.0026 | 1.0020 | 1.0016 
1.0036 | 1.0030 | 1.0024 | 1.0018 1.0015 | 
1.0034 | 1.0029 | 1.0023 | 1.0017 | 1.0014 | 
1.0034 | 1.0028 | 1.0022 1.0017 | 1.0013 
1.0034} 1.0028 | 1.0023 | 1.0017} 1.0014 
1.0035 | 1.0029 | 1.0023 | 1.0018 | 1.0014 
1.0037 | 1.0031 | 1.0025 | 1.0018 | 1.0015 


1.0040 | 1.0033 | 1.0026 | 1.0020 | 1.0016 
1.0043 | 1.0036 | 1.0028 | 1.0021 | 1.0017 
1.0046| 1.0039 | 1.0031 | 1.0023 | 1.0019 
1.0050} 1.0042 | 1.0033 | 1.0025 | 1.0020 
1.0054 | 1.0045 | 1.0036 | 1.0027 | 1.0022 
1.0058} 1.0048 | 1.0039 | 1.0029} 1.0023 
1.0062 | 1.0051 | 1.0041 | 1.0031 | 1.0025 
1.0065 | 1.0054 | 1.0043 | 1.0032 | 1.0026 


1.0067 | 1.0056 | 1.0045 | 1.0034 | 1.0027 


T T T T 


6.0 7.0 8.0 





5 i - | so | 35 | 100 
, om 
1.0015 1.0011 | 1.0005 
1.0013 | 1.0009 | 1.0005 
| 1.0011 | 1.0008 | 1.0004 
| 1.0010 | 1.0007 | 1.0003 
1.0008 | 1.0006 | 1.0003 
1.0007 | 1.0005 | 1.0003 


1.0006 | 1.0004 | 1.0002 


1.0006 | 1.0004 | 1.0002 
1.0005 | 1.0004 | 1.0002 
1.0005 | 1.0003 | 1.0002 
1.0005 | 1.0003 | 1.0002 
1.0005 | 1.0003 | 1.0002 
1.0005 | 1.0004 | 1.0002 
1.0005 | 1.0004 | 1.0002 


1.0006 | 1.0004 | 1.0002 
1.0006 | 1.0004 | 1.0002 
1.0007 | 1.0005 | 1.0002 
1.0007 | 1.0005 | 1.0003 
1.0008 | 1.0005 | 1.0003 
1,0008 | 1.0006 | 1.0003 
1.0009 | 1.0006 | 1.0003 
1.0009 | 1.0006 | 1.0003 


1.0010 | 1.0007 | 1.0003 


5.5 20 | 25 40 | 70 ‘| 200— 


i 








l 0053| 1.0042 
1.0045 | 1.0036 
| 1.0039 | 1.0031 
] 0033 | 1.0027 
1.0029 | 1.0023 


1.0025 | 1.0020 


| 
1.0234 
¥.0202 
1.0173 
1.0149 
1.0128 
1.0112 


1.0098 
1.0088 
1.0081 
1.0077 
1.0075 
1,0075 
1.0078 
1.0082 


1.0088 | 
1.0095 | 
1.0103 
1.0111 
1.0120 
1.0129] 
1.0137 | 
1.0144 


1.0150 


1.0264 
1.0227 
1.0195 
1.0167 
1.0144 
1.0126 


1.0110 
1.0099 
1.0091 
1.0086 
1.0084 
1.0085 
1.0088 
1.0092 


1.0099 
1.0107 
1.0116 
1.0125 
1.0135 
1.0145 
1.0154 
1.0162 


1.0168 


1.0211 
1.0181 
1.0156 
1.0134 
1.0116 
1.0100 


1.0088 | 
1.0079 | 
1.0073 
1.0069 
1.0067 
1.0068 
1.0070 
1.0074 
1.0079 
1.0085 | 
1.0093 


1.0192 
1.0165 
1.0142 
1.0122 
1.0105 
1.0091 


1.0176 
1.0151 
1.0130 
1.0112 
1.0096 
1.0084 


1.0074 
1.0066 
1.0061 
1.0057 
1.0056 
1.0056 
1.0058 
1.0062 


1.0151 
1.0130 
1.0111 
1.0096 
1.0083 
1.0072 


1.0132 
1.0113 
1.0097 | 
1.0084 
1.0072 | 
1.0063 | 


1.0035 
1.0030 
1.0026 
1.0022 
1.0019 
1.0017 


1.0015 
1.0013 
1.0012 
1.0011 
1.0011 
1.0011 
1.0012 
1.0012 


1.0013 
1.0014 
1.0015 
1.0017 
1.0018 
1.0019 
1.0021 
1.0022 


1.0022 


1.0030 
1.0026 
1.0022 
| 1.0019 
1.0017 
1.0014 


1.0013 
1.0011 
1.0010 
1.0010 
1.0010 
1.0010 
1.0010 
1.0011 


1.0011 
1.0012 
1.0013 
1.0014 
1.0015 
1.0017 
1.0018 
1.0019 


1.0019 


1.0026 
1.0023 | 1. 
1.0019 | 

1.0017 | 
1.0014 
1.0013 
1.0080 1.0011 
1.0072 
1.0066 
1.0063 
1.0061 
1.0062 
1.0064 
1.0067 


1.0972 
1.0078 


1.0063 
1.0057 


1.0055 
1.0050 
1.0016 | 
1.0043 | 
1.0042 
1.0042 | 
1.0044] 
1.0046 | 


1.0052 
1.0049 
1.0018 
1.0018 
1.0050 
1.0053 


1.0066 
1.0071 | 
1,0084 | 1.0077 
1.0100 | 1.0091 | 1.0084) 1.0072) 
1.0108 | 1.0098 | 1.0090} 1.0077 
1.0116 | 1.0105 | 1.0096| 1.0083 | 
1.0123 | 1.01 12} 1.0103} 1.0088 
1.0130 | 1.0118) 1. 0108) 1 1.0093 | 


1.0135 | 1.0123 | 


1.0057 
1.0061 
1.0066 


1.0049 
1.0053 
1.0058 
1.0063 
1.0068 
1.0072 
1.0077 
1.0081 


1.0] | 1.0096 | 1.0084 















































| 





For 6” Line 


\ hy pr 
6.0 | 7.0 | 80] 10 | 12 | 15 | 20 | 25 | 30 











4.0 4.5 5.0 5.5 


| 70 | 100 | 200° 
1.0018 | 1.0013 | 1.0009 | 1.0004 
1.0016 | 1.0011 | 1.0008} 1.0004 
1.0014 | 1.0010 | 1.0007 | 1.0004 
1.0013 | 1.0009 | 1.0006 | 1.0003 


1.0012 | 1.0008 | 1.0006| 1.0003 
1.0010 | 1.0007 | 1.0005 1.0003 
1.0009 | 41.0007 | 1.0005 | 1.0002 
1.0008 | 1.0006 | 1.0004! 1.0002 
1.0008 | 1.0005 | 1.0004) 1.0902 
1.0012 | 1.0010} 1.0009 | 1.6007 | 1.0005 | 1.0003 1.0002 
1.0011 | 1.0009) 1.0008 1.0006 | 1.0005 | 1.0003 1.0002 
1.0010 1.0009 |1.0004 1.0003 1.0002 


1.0008 | 1.0006 
1.0010 | 1.0008 1.0007 1.0006 | 1.0004 1.0003 | 1.0001 
1.0009 | 1.0008 1.0007 | 1.0006 | 1.0004 | 1.0003) 1.0001 
1.0009 | 1.0008] 1.0007] 1.0005 | 1.0004 | 1.0003| 1.0001 
1.0009 | 1.0008! 1.0007 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
1.0009 | 1.0008} 1.0007 | 1.0006 | 1.0004 | 1.0003) 1.0001 
1.0010 | 1.0008] 1.0007 | 1.0006 | 1.0004 | 1.0003 1.0001 
1.0010 | 1.0009} 1.0007 | 1.0006 | 1.0004 | 1.0003 1.0901 
1.0010 | 1.0009 1.0008 | 1.0006 | 1.0004 | 1.0003 1.0002 
1.0003 1.0002 


1.0011 | 1.0009 | 1.0008 | 1.0007 | 


35 40 50 








1.0059 
1.0053 
1.0047 
1.0043 


1.0038 
1.0034 | 
1.0031 | 
1.0028 
1.0025 
1.0023 
1.0022 
1.0020 


1.0074 | 
1.0067 
1.0059 
1.0054 


1.0048 
1.0043 
1.0039 
1.0035 
1.0032 
1.0029 
1.0027 
1.0025 


1.0149 | 1.0127 
1.0134} 1.0114 
1.0118 | 1.0101 
1.0107 | 1.0092 


1.0096 | 1.0082 
1.0086 | 1.0074 
1.0077 | 1.0066 
1.0070 | 1.0060 
| 1.0063 | 1.0054 
1.0063) 1.0058 | 1.0050 
1.0059} 1.0054 | 1.0046 
1.0055} 1.0050] 1.0043 
1.0052] 1.0048 | 
1.0051} 1.0046 | 
1.0050} 1.0046 


1.0223 
1.0200 
1.0178 
1.0161 


1.0144 
1.0129 
1.0116 
1.0105 
1.0095 
1.0087 
1.0081 
1.0076 


1.0072 


1.0198 
1.0178 
1.0158 
1.0143 


1.0128 
1.0115 
1.0103 
1.0093 
1.0085 
1.0077 


1.0178 
1.0160 
1.0142 
1.0129 


1.0115 
1.0103 
1. 0093 | 
1.0084 | 1.0076 
1.0076 | 1.0069 
1.0070 | 
1.0072 | 1.0065 | 
1.0067 | 1.0060 | 
1.0064 | 1.0058 | 
1.0070 | 1.0062 | 1.0056 
1.0068 | 1.0061 | 1.0055 | 
1.0069 | 1.0061 | 1.0055 | 1.0050} 1.0046 | 
1.0070 | 1.0062 1.0056 | 1.0051} 1.0046 | 
1.0072 | 1.0064 | 1.0057 | 1.0052) 1.0048 
1.0060 | 1.0054) 1.0050 


1.0075 | 1.0066 | 
1.0079 | 1.0070 | 1.0063 | 1.0057) 1.0052 
1.0066 


1.0162 
1.0146 
1.0129 
1.0117 


1.0105 
1.0094 
1.0084 | 


0112 
.0100 
0089 
.0080 


1.0089 
1.0080 
1.0071 
1.0064 


1.0058 
1.0052 
1.0046 | 
1.0042 
1.0038 
1.0035 
1.0032 
1.0030 


1.0045 
1.0040 
1.0036 
1.0032 


1.0029 | 
1.0026 | 
1.0023 
1.0021 
1.0019 | 
1.0017 | 
1.0016 | 
1.0015 | 


1.0036 
1.0032 
1.0028 
1.0026 


1.0023 
1.0021 
1.0019 
1.0017 
1.0015 
1.0014 
1.0013 
1.0012 


1.0030 | } 1. 0025 
1.0027 | 1.0023 
1.0024 | 1.0020 
1.0021 | 1.0018 


| 


1.0019 | 1.0016 
1.0017 | 1.0015} 1.0013 
1.0015 | 1.0013} 1.0012 
1.0014 | 1.0012] 1.0010 
1.0013 | 1.0011] 1.0010 


1.0022 
1.0020 
1.0018 
1.0016 
0072 | 1.0014 
.0065 
.0058 
0052 
0048 
0044 
0040 
0038 














1.0041 
1.0040 
1.0039 
1.0039 
1.0040 
1.0041 
1.0043 
1.0045 


0036 
.0035 
0034 
0034 
0035 
0036 
.0037 
0039 


1.0029 
1.0028 
1.0027 
1.0027 | 
1.0028 | 
1.0029 
1.0030 | 
1.0031 


1.0024 
1.0023 
1.0023 
1.0023 
1.0923 
1.0024 
1.0025 
1.0026 


1.0019 
1.0019 
1.0018 
1.0018 
1.0019 
1.0019 | 
1.0020 
1.0021 


1.0014 
1.0014 
1.0014 | 
1.0014 
1.0014 | 
1.0014 | 
1.0015 | 
1.0016 | 


1.0012 
1.0011 
1.0011 | 
1.0011 
1.0011 | 
1.0011 
1.0012 | 
1.0013 | 


1.0013 











1.0083 | 1.0074 | 1.0060) 1.0055 | 1.0047 1.0042) 1.0033) 1.0028 | 1.0022 | 1.0017 1.0005 





1.0088 | 1.0078 | 
1.0094 | 1.0084 
1.0100 | 1.0089 | 
1.0106 | 1.0095 
1.0113 | 1.0100 
1.0120 | 1.0106 
1.0126 | 1.0112 
1.0133 | 1.0118 
1.0145 | 1.0129 
1.0155 | 


1.0138 | 
i 


1.0071 
1.0075 
1.0080 
1.0085 
1.0090 
1.0096 
1.0101 
1.0106 
1.0116 
1.0124 


1.0064 
1.0968 
1.0073 
1.0077 
1.0082 
1.0087 
1.0092 
1.0097 
1.0105 
1.0113] 


1.0059 
1.0063 
1.0067 
1.0071 
1.0075 
1.0080 
1.0084 
1.0089 
1.0097 


1.0103 


1.0050 
1.0054 
1.0057 
1.0061 
1.0065 
1.0068 
1.0072 
1.0076 
1.0083 
1.0088 


0044 
OO47 

0050 
0053 
0056 


60 


] 
l 
l 
] 
] 
] 
LA 
] 


0063 
1.0066 
1.0072 


1.0077 


1.0035 
1.0038 
1.0040 
1.0043 
1.0045 
1.0048 
1.0050 


1.0029 
1.0031 
1.6033 
1.0035 
1.0038 
1.0040 
1.0042 
1.0053 
1.0058 
1.0062 


1.0044 
1.0048 
1.0052 


1.0041 | 
| 


1.0024 
1.0025 
1.0027 
1.0028 
1.0030 
1.0032 4 
1.0034 
1.0035 
1.0039 


i 


1.0018 
1.0019 
1.0020 
1.0021 
1.0023 
1.0024 
1.0025 


1.0014 
1.0015 
1.0016 
1.0017 
1.0018 
1.0019 
1.0020 
1.0027 
1.0029 | 
OO: 

1. 31| 


1.0021 

1.0023 | 

1.0025 | 
i 


1.0010} 
1.0011 | 
1.0011} 
1.0012 | 
1.0013 
1.0014 
| 1.0014 


1.0018 | 
1.0019 
1.0021 | 


| 


1.0012 | 
1.0913 | 
1.0013 | 
1.0014 | 
1.0015 | 
1.0016 
1.0017 


1.0010 | 1.0008 


1.0011 
1.0012 
1.0013 


1.0013 | 


1.0010 
1.0010 


1.0015 1.0011 
| 1.0017} 


| L018} 


1.0009 | 1.0007 | 
1.0009 | 1.0008 | 


1.0011 | 1.0009 | 
1.0009 | 


1.0014 | 1.0012 | 
1.0015 | 1.0012 | 
i 


1.0005 
1.0005 
1.0006 
1.0006 | 
1.0006 
1.0007 
1.0007 


1.0004 
1.0004 
1.0004 | 
1.0004 | 
1.0005 | 
1.0005 
1.0005 


1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0002 
1.0003 


1.0008 | 1.0005 1.0003 

1.0008 | 1.0006 1.0003 

1.0009 | 1.0006 | 1.0003 
1 


| 
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TABLE 6 — Continued 
F. 
REYNOLDS’ NUMBER FACTORS — FLANGE TAPS 
For 8” Line 





Orifice qumames 
Diam. |, Vh. p 


Inches 40] 45[ so] 5s | 60] 70] 80 | | 12 | 15 | 20 | 25 30 | 35 | 40 | so | 70 | 100 | 200° 
7 





875 1.0185 | 1.0165} 1.0148} 1.0135) 1.0124 | 1.0106 | 1.0093 } 1 0074 | 1.0062 1.0049] 1.0037 1.0030 1.0025 | 1.0021 | 1.0019 | 1.0915 | 1.0011 | 1.0007 | 1.0004 


| | | 

1.000 1.0170 | 1.0151 | 1.0136| 1.0124) 1.0113 | 1.0097 | 1.0085 | 1.0068 | 1.0057 | 1.0045] 1 0034) 1.0027 | 1.0023 1.0019 | 1.0017 | 1.0014 | 1.0010 | 1.0007 | 1.0003 
1.125 | 1.0156} 1.0138} 1.0125) 1.0113] 1.0104) 1.0089 | 1.0078 | 1.0062 | 1.0052 1.0042 | 1.0031 | 1.0025 | 1.0021 | 1.0018 | 1.0016 | 1.0012 | 1.0009 | 1.0006| 1.0003 
250 1.0143 | 1.0127} 1.0114] 1.0104) 1.0095 | 1.0082 | 1.0071 | 1.0057 | 1.0048 1.0038 | 1.0029 1.0023 | 1.0019 1.0016 | 1.0014 | 1.0011 | 1.0008 | 1.0006 | 1.0003 
1.375 1.0131 | 1.0116) 1.0105} 1.0095} 1.0087 | 1.0075 | 1.0065 | 1.0052 | 1.0044 | 1.0035 | 1.0026) 1.0021 1.0017 | 1.0015 | 1.0013 | 1.0010 1.0007 | 1.0005 | 1.0003 
1.500 1.0120} 1.0106} 1.0096} 1.0087) 1.0080 | 1.0068 | 1.0060 | 1.0048 | 1.0040 | 1 0032 | 1.0024] 1.0019 | 1.0016 | 1.0014 | 1.0012 | 1.0010 | 1.0007 | 1.0005| 1.0902 
1.625 | 1.0110} 1.0098| 1.0088} 1.0080} 1.0073 | 1.0063 | 1.0055 | 1.0044 | 1.0037 | 1.0029 | 1.0022} 1.0018 | 1.0015 1.0013 | 1.0011 | 1.0009 | 1.0006 | 1.0004) 1.0002 
1.750 | 1.0101 | 1.0090 | 1.0081 | 1.0073} 1.0067 | 1.0058 | 1.0050 | 1.0040 | 1.0034 | 1.0027 | 1.0020} 1.0016 | 1.0013 | 1.0012 | 1.0010 | .0008 | 1.0006 | 1.0004) 1.0002 
1.875 | 1.0093) 1.0082) 1.0074} 1.0067| 1.0062 | 1.0053 | 1.0046 | 1.0037 | 1.0031 | 1.0025 | 1.0019} 1.0015 | 1.0012 | 1.0011 | 1.0009 | 1.0007 | 1.0005 | 1.0004 | 1.0002 


| 


2.000 1.0086 | 1.0076} 1.0069} 1.0062! 1.0057 | 1.0049 | 1.0043 | 1.0034 | 1.0029 | 1.0023} 1.0017) 1.0014} 1.0011} 1.0010} 1.0009 | 1.0007 | 1.0005 1.0003 | 1.0002 
2.125 | 1.0080} 1.0071 | 1.0064! 1.0058] 1.0053 | 1.0045 | 1.0040 | 1.0032 | 1.0027 | 1.0021| 1.0016] 1.0013 | 1.0011 | 1.0009 | 1.0008 | 1.0006 | 1.0005 | 1.0003 | 1.0002 
2.250 1.0074 | 1.0066 | 1.0059! 1.0054; 1.0050) 1.0042} 1.0037 | 1.0030 | 1.0025 | 1.0020! 1.0015] 1.0012 | 1.0010! 1.0008} 1.0007 | 1.0006 | 1.0004! 1.0003! 1.0002 
2.375 | 1.0070) 1.0062 | 1.0056) 1.0051) 1.0047 | 1.0040) 1.0035 | 1.0028 | 1.0025 | 1.0019} 1.001 +} 1.0011 | 1.0009| 1.0008 | 1.0007 | 1.0006 | 1.0004 | 1.0003 | 1.0001 
2.500 1.0056 | 1.0059 | 1.0053} 1.0048; 1.0044} 1.0038) 1.0033 1] 0026 | 1.0022 | 1.0018) 1.0013} 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 1.0004 | 1.0003 | 1.0001 
2.625 1.0064) 1.0056) 1.0051! 1.0046) 1.0042) 1.0036) 1.0032 | 1.0025 | 1.0021 | 1.0017 1.0013] 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003) 1.0001 
2.750 1.0061} 1.0055 | 1.0049} 1.0045) 1.0041 1.0035! 1.0031 | 1.0025 | 1.0020 | 1.0016! 1.0072] 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0002 | 1.0003 


2.875 1.0060 | 1.0053 | 1.0048) 1.0044) 1.0040} 1.0034) 1.0030 | 1.0024 | 1.0020 | 1.0016 | 1.01 ) 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
’ | 
3.000 1.0059 | 1.0053 | 1.0047 | 1.0043 | 1.0040) 1.0034) 1.0030 | 1.0024 | 1.0020 | 1.0016! 1.00..] 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
3.125 1.0059 | 1.0053 | 1.0047} 1.0043) 1.0040! 1.0034) 1.0030 | 1.0024 | 1.0020 | 1.0016} 1.0012} 1.0009 | 1.0008 | 1.0007 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
3.250 1.0060} 1.0053 | 1.0048 | 1.0044} 1.0040} 1.0034] 1.0030 | 1.0024 | 1.0020 | 1.0016 | 1.0012} 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 1.0002 | 1.0001 
3.375 | 1.0061 | 1.0054| 1.0049} 1.0044| 1.0041 | 1.0035} 1.0031 | 1.0024 | 1.0020 | 1.0016 | 1.0012] 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003 | 1.0002 | 1.0001 
3.500 1.0063 | 1.0056} 1.0050} 1.0046! 1.0042 |: 1.0036 1.0031 | 1.0025 | 1.0021 | 1.0017 | 1.0013) 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
3.625 | 1.0065} 1.0058 | 1.0052 | 1.0047} 1.0043 | 1.0037) 1.0033 | 1.0026 | 1.0022 | 1.0017 | 1.0013} 1.0010 | 1.0009 | 1.0007 | 1.0007 | 1.0005 | 1.0004 | 1.0003 | 1.0001 
3.750 | 1.0068| 1.0060 | 1.0054| 1.0049! 1.0045 | 1.0039) 1.0034} 1.0027 1.0023 | 1.0018 | 1.0014] 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0004 1.0003 | 1.0001 
3.875 1.0071 | 1.0063 | 1.0057) 1.0051) 1.0047} 1.0040} 1.0035 | 1.0028 | 1.0024 | 1.0019 | 1.0014} 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0004 1.0003 | 1.0001 


4.000 1.0074 | 1.0066 | 1.0060 | 1.0054! 1.0050 | 1.0042 | 1.0037 1.0030 | 1.0025 | 1.0020 | 1.0015} 1.0012 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0004 | 1.0003 | 1.0001 
4.250 1.0082 | 1.0073 | 1.0066} 1.0060) 1.0055 | 1.0047) 1.0041 | 1.0033 | 1.0028 | 1.0022 | 1.0016} 1.0013 | 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0003 | 1.0002 
4.500 | 1.0091 | 1.0081 | 1.0073 | 1.0067) 1.0061 | 1.0052) 1.0046 | 1.0037 | 1.0030 | 1.0024} 1.0018] 1.0015 | 1.0012 | 1.0010 | 1.0009 | 1.0007 | 1.0005 | 1.0004 | 1.0002 

1.0101} 1.0090) 1.0081 | 1.0074) 1.0068) 1.0058) 1.0051 | 1.0041 | 1.0034} 1 0027 | 1.0020 | 1.0016 | 1.0014 | 1.0012 1.0010 | 1.0008 | 1.0006 | 1.0004 | 1.0002 


1.0112) 1.0099)! 1.0089) 1.0081) 1.0074! 1.0064) 1.0056 1.0045 | 1.0037 | 1.0030 | 1.0022 | 1.0018 | 1.0015 | 1.0013 1.0011 | 1.0009 1.0006 | 1.0004 | 1.0002 
1.0122 | 1.0108 | 1.0097) 1.0089] 1.0081) 1.0070} 1.0061 | 1.0049 | 1.0041 | 1.0032 | 1.0024] 1.0019 | 1.0016 | 1.0014 1.0012 | 1.0010 | 1.0007 1.0005 | 1.0002 


1.0131) 1.0117 1.0105 | 1.0095) 1.0088 1.0075) 1.0066 | 1.0053 | 1.0044 | 1.0035 | 1.0026] 1.0021 | 1.0018 | 1.0015 1.0013 | 1.0011 1.0008 1.0005 | 1.0003 
1.0140} 1.0124) 1.0112} 1.0102} 1.0093} 1.0080} 1.0070 | 1.0056 | 1.0047 | 1.0037 | 1.0028} 1.0022 | 1.0019 | 1.0016 | 1.0014 | 1.0011 | 1.0008 1.0006 | 1.0003 


| | | | | 
1.0147} 1.9131 | ated mien 1.0098 | 1.0084) 1.0074 | 1.0059 | 4.0049 | conan | 1.0029 | 1.0024 | 1.0020 | 1.0017 1.0015| 1.0012 | 1.0008 | 1.0006 | 1.0003 
| | | | 1 

















For 10” Line 





Orifice — 
Diam. so. , a m.. oo P — se tee re - a ae a ~ 
Inches | 40] 45] 50 | 55] 60 | 70] 80] 10 | 12 is | 20 | 2 | 30 | 35 | 40 | so | 70 i 100 | 200 
1.0176} 1.0157 | 1.0141 | 1.0128] 1.0118 | 1.0101 | 1.0088 | 1.0071 | 1.0059 | 1.0047} 1.0035 1.0028 rn 1.0020 | 1.0018 1.0014 | 1.0010) 1.0007 | 1.0004 
1.0164} 1.0146 | 1.0131 | 1.0119] 1.0109 | 1.0094 | 1.0082 1.0066 | 1.0055 | 1.0044} 1.0033 | 1.0026 | 1.0022 | 1.0019! 1.0016 | 1.0013 | 1.0009) 1.0007 | 1.0003 
1.0153} 1.0136 | 1.0122 | 1.0111] 1.0102 | 1.0087 | 1.0076 | 1.0061 | 1.0051 | 1.0041 | 1.0031 | 1.0024 | 1.0020) 1.0017) 1.0015 | 1.0012 | 1.0099) 1.0006 | 1.0003 
1.0142] 1.0126 | 1.0114 | 1.0103} 1.0095 | 1.0081 | 1.0071 | 1.0057 | 1.0047 | 1.0038} 1.0028 | 1.0023 | 1.0019} 1.0016 | 1.0014 | 1.0011 | 1.0008} 1.0006 | 1.0003 
1.0132} 1.0117} 1.0106 | 1.0096} 1.0088 | 1.0075 | 1.0066 | 1.0053 | 1.0044 | 1.0035 | 1.0026 | 1.0021 | 1.0018 | 1.0015 | 1.0013 | 1.0011 | 1.0008} 1.0005 | 1.0003 
1.0122} 1.0109 | 1.0098 1.0089 | 1.0082 | 1.0070 | 1.0061 | 1.0049 | 1.0041 | 1.0033 | 1.0024 | 1.0020 | 1.0016 | 1.0014 1.0012 | 1.0010 | 1.0007) 1.0005 | 1.0002 
1.0114} 1.0101 | 1.0091 | 1.0083 | 1.0076 | 1.0065 | 1.0057 1.0046 | 1.0038 | 1.0030 | 1.0023 | 1.0018 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0007) 1.0005 | 1.0002 


1.0106 | 1.0094 | 1.0085 | 1.0077} 1.0071 | 1.0060 | 1.0053 | 1.0042 | 1.0035 | 1.0028 | 1.0021 | 1.0017 | 1.0014| 1.0012 | 1.0011 | 1.0008 | 1.0006} 1.0004 | 1.0002 
1.0098 | 1.0087 | 1.0079 | 1.0072 | 1.0066 | 1.0056 | 1.0049 | 1.0039 | 1.0033 | 1.0026 | 1.0020 | 1.0016 | 1.0013 | 1.0011 | 1.0010 | 1.0008 | 1.0006| 1.0004 | 1.0002 
] 0091 | 1.0081 | 1.0073 | 1.0067} 1.0061 | 1.0052 | 1.0046 | 1.0037 | 1.0030 | 1.0024) 1.0018 | 1.0015 | 1.0012 | 1.0010 | 1.0099 | 1.0007 | 1.0005| 1.0004 | 1.0002 
1.0085 | 1.0076 | 1.0068 | 1.0062} 1.0057 | 1.0049 | 1.0043 | 1.0034 | 1.0028 | 1.0023 | 1.0017 | 1.0014 | 1.0011 | 1.0010 | 1.0009 | 1.0007 1.0005 | 1.0003 | 1.0002 
1.0080} 1.0071 | 1.0064 | 1.0058 | 1.0053 | 1.0046 | 1.0040 | 1.0032 | 1.0027 | 1.0021 | 1.0016 | 1.0013 | 1.0011 | 1.0099 | 1.0008 | 1.0006 | 1.0005 | 1.0003 | 1.0002 
1.0075 | 1.0066 | 1.0060 | 1.0054} 1.0050 | 1.0043 | 1.0037 | 1.0030 | 1.0025 | 1.0020 | 1.0015 | 1.0012 | 1.0010 | 1.0009 | 1.0008 | 1.0006 | 1.0004) 1.0003 | 1.0001 
1.0070} 1.0062 | 1.0056 | 1.0051} 1.0047 | 1.0040 | 1.0035 | 1.0028 | 1.0023 | 1.0019 | 1.0014 | 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0004} 1.0003 | 1.0001 
1.0066 | 1.0059 | 1.0053 | 1.0048 | 1.0044 | 1.0038 | 1.0033 | 1.0027 | 1.0022 | 1.0018 | 1.0013 | 1.0011 | 1.0009 | 1.0008 | 1.0007 | 1.0005 | 1.0004} 1.0003 | 1.0001 


1.0063 | 1.0056 | 1.0050 | 1.0046/ 1.0042 | 1.0036 | 1.0032 | 1.0025 | 1.0021 | 1.0017 | 1.0013 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004) 1.0003 | 1.0001 
1.0060} 1.0053 | 1.0048 | 1.0044) 1.0040 | 1.0034} 1.0030) 1.0024 | 1.0020 | 1.0016 | 1.0012 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003) 1.0002 | 1.0001 
1.0058 | 1.0051 | 1.0046 | 1.0042} 1.0039 | 1.0033 | 1.0029 | 1.0023 | 1.0019 | 1.0015 | 1.0012 | 1.0009 | 1.0008 1.0007 | 1.0006 | 1.0005 | 1.0003) 1.0002 | 1.0001 
1.0056 | 1.0050 | 1.0045 | 1.0041 | 1.0037 | 1.0032 | 1.0028 | 1.0022 | 1.0019 | 1.0015 | 1.0011 | 1.0009 | 1.0007 | 1.0006 | 1.0006 | 1.0004 | 1.0003) 1.0002 | 1.0001 
1.0054 | 1.0048 | 1.0044 | 1.0040! 1.0036 | 1.0031 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0011 | 1.0009 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003 | 1.0002 | 1.0001 
1.0054} 1.0048 | 1.0043 | 1.0039) 1.0036 | 1.0031 | 1.0027 | 1.0021 | 1.0018 | 1.0014) 1.0011 | 1.0009 | 1.0007 1.0006 | 1.0005 | 1.0004 1.0003 | 1.0002 | 1.0001 
1.0053 | 1.0047 | 1.0042 | 1.0039 | 1.0035 | 1.0030 | 1.0026 | 1.0021 | 1.0018 | 1.0014 | 1.0011 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004 | 1.0003} 1.0002 | 1.0001 
1.0053 | 1.0047 | 1.0042 | 1.0038 | 1.0035 | 1.0030 | 1.0026 | 1.0021 | 1.0018 | 1.0014) 1.0011 | 1.0008 | 1.0007 1.0006 | 1.0005 | 1.0004 1.0003 | 1.0002 | 1.0001 


1.0053 | 1.0047 | 1.0043 | 1.0039) 1.0035 | 1.0030 | 1.0027 | 1.0021 | 1.0018 | 1.0014! 1.0011 | 1.0009 | 1.0007 1.0006 | 1.0005 | 1.0004 | 1.0003} 1.0002 | 1.0001 
1.0055 | 1.0049 | 1.0044 | 1.0040! 1.0037 | 1.0031 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0011 11,0009 | 1.0007 | 1.0006 | 1.0006 | 1.0004 | 1.0003} 1.0002 1.0001 
1.0058 | 1.0051 | 1.0046 | 1.0042 | 1.0039 | 1.0033 | 1.0029 | 1.0023 | 1.0019 | 1.0015 | 1.0012 | 1.0009 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0003) 1.0002 | 1.0001 
1.0062 | 1.0055 | 1.0050 | 1.0045 | 1.0041 | 1.0035 | 1.0031 | 1.0025 | 1.0021 | 1.0017 | 1.0012 | 1.0010 | 1.0008 | 1.0007 | 1.0006 | 1.0005 | 1.0004) 1.0002 | 1.0001 


5.000 | 1.0068] 1.0060 | 1.0054 |1.0049| 1.0045 | 1.0039 1.0034 | 1.0027 | 1.0022 | 1.0018 | 1.0014 1.0011 | 1.0009 | 1.0008 1.0007 | 1.0005 | 1.0004} 1.0003 | 1.0001 
5.250 | 1.0074} 1.0066 | 1.0059 | 1.0054 | 1.0049 | 1.0042 | 1.0037 | 1.0030 | 1.0025 | 1.0020 | 1.0015 | 1.0012 | 1.0010 | 1.0098 | 1.0007 | 1.0006 | 1.0004} 1.0003 | 1.0001 
5.500 | 1.0081} 1.0072 | 1.0065 | 1.0059| 1.0054 | 1.0046 | 1.0040 | 1.0932 | 1.0027 | 1.0022 | 1.0016 | 1.0013 | 1.0011 | 1.0099 | 1.0008 | 1.0006 | 1.0005 | 1.0003 | 1.0002 
5.750 | 1.0088] 1.0079 | 1.0071 | 1.0064! 1.0059 | 1.0051 | 1.0044) 1.0035 | 1.0029 | 1.0024 | 1.0018 | 1.0014 | 1.0012 1.0010 | 1.0009 | 1.0007 | 1.0005) 1.0004 | 1.0002 


6.000 | 1.0096] 1.0086 | 1.0077 | 1.0070! 1.0064 | 1.0055 | 1.0048 | 1.0039 1.0032 | 1.0926 | 1.0019 | 1.0015 | 1.0013 | 1.0011 | 1.0010 | 1.0008 | 1.0006! 1.0004 | 1.0002 
6.250 | 1.0105) 1.0093 | 1.0084 | 1.0076) 1.0070 | 1.0060 | 1.0052) 1.0042 | 1.0035 | 1.0028 | 1.0021 | 1.0017 | 1.0014} 1.0012 | 1.0010 | 1.0008 | 1.0006} 1.0004 | 1.0002 
6.500 1.0113] 1.0100 | 1.0090 | 1.0082 | 1.0075 | 1.0064! 1.0056) 1.0045 | 1.0038 | 1.0030 | 1.0023 11.0918 1.0015 | 1.0013 | 1.0011 | 1.0009 | 1.0006) 1.0005 | 1.0002 
6.750 | 1.0121) 1.0107} 1.0097 | 1.0088) 1.0080 | 1.0069 | 1.0060) 1.0048 | 1.0040 | 1.0032 | 1.0024 | 1.0019 | 1.0016 | 1.0014 | 1.0012 | 1.0010 | 1.0007) 1.0005 | 1.0002 

000 | 1.0128} 1.0114 | 1.0103 | 1.0093| 1.0086 | 1.0073 | 1.0064) 1.0051 1.0043 | 1.0034 | 1.0026 | 1.0021 | 1.0017 | 1.0015 | 1.0013 | 1.0010 | 1.0007} 1.0005 | 1.0003 

250 | 1.0135] 1.0120 | 1.0108 | 1.0098] 1.0090 | 1.0077 | 1.0068 | 1.0054 | 1.0045 | 1.0036 | 1.0027 | 1.0022 | 1.0018 | 1.0015 | 1.0014 | 1.0011 | 1.0008] 1.0005 | 1.0003 
200 1.0141} 1.0126 mtied buahaed 1.0094 | 1.0081 | 1.0071 | 1.0056 | 1.0047 | 1.0038 a 1.0019 | 1.0016 | 1.0014] 1.0011 | 1.0008) 1.0006 | 1.0003 
1 eet | at lt | | | 
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£000'T | 9000°L | 8000°T | LLOO'L| FIOO'T | 9LO0'L | 8LOO'L | ZZ00'L | 8ZO0'T | LEOO'L | 9FOO'L | SSOO'L | 6900'T | 6LOO'L | Z600'L | LOLOL | TLLO'L}] EZLO'L | SELO'L 


£000°T | SOO0'T | 8000°T | TTOO'T| ETOO'L | STOO'T | 8LOO'T | TZO0'L | 2Z00°L | 9EO0'L | HHOO'L | ESOO'L | 2900'L | 9200'T | 6800'T | L600°L | LOLOL] 6TLOT | CELOT 
£000'L | SO00'L | LOVO'L | OLOO'L| ELOO'L | STOO'L | LLOO'L | OZOO'L | 9ZOO'L | PEOO'L | EFOO'L | TSOO'L | #900'L | €LO0'L | S8OO'L | C600'L | ZOLO'T) PILOT | 8ZLOT 
Z000'L | SO00'T | LO00'L | OLOO'T| ZLOO'L | PLOO'L | 9100'T | GLOO'L | PZOO'L | ZEO0'L | THOO'T | GFOO'L | L9OO'L | OLOO'L | L8O0'L | 6800'T | L600°L| 8OLO'T | GZLO-L 
2000'L | SO00'L | L000°L | 6000°L| ZT00'L | ELOD'L | SLOO'L | 8LOO'T | €Z00'T | LEOO'L | 8EOO'L | 9FOO'L| BSOO'L | 9900'L | LLOO'L | P8OO'L | Z600°T| ZOLO'L | SLLO'T 


Z000'T | F000'T | 9000° | 6000°T| TLOO'T | ZLOO'L | PLOO'T | LIOO'L | ZZO0'L | 6Z00'L | 9EOO'T | EFOO'L | PSOO'L | Z900'T | ZLOO'T | 6ZOO'T | L800'T| 9600°T | 8OTO'T 
Z000'L | P000'L | 9000°T | 8000°L} OTOO'T | ZLOO'L | PLOO'T | 9LOO'L | OZOO'L | 2Z00°L | PEOO'L | LHOO'L| TSOO'L | BSUO'T | 8900°E | HLOO'T | L800'L | 0600'T | ZOLO'T 
Z000'T | FO0O'T | SO0O'T | 8000°T] 6000°L| TLOO'T | ELO0'T | STOOL | 6T0O'L | SZO0'T | ZE00'L | BEGO'T| LHOO'L | VSOO'L | €900'L | 69CO'T | 9200'L 800°C | $600°T 
Z000°L | POOO'T | SOLO | LOOT} 6000°L} OLOO'L | ZLO0'L | PLOO'L | SLOO'L | €Z00'L | 6Z00'L | SEOO'L | PHOO'L | OSOO'L | 6S00'L | H90O'L | OLOO'L| 8Z00'L | 8800°T 























ZO00'T | €000°L | SOOD'T | LOOO'T | 8N00'T | 6000°T | TLOO'T | ELOO'T | 9LOO'T | ZZ00°L | LZOO'T | CEOO'T | THON OFOO'T | HSOO'L }6SOOT [S900 | Z200°T | 1800°L 
Z000'L | €O00'T | POOO'T | 9000'T | 8000'T | 6000°T | OLOO'T | ZTOO'T | STOO'T | OZOO'T | SBOOT | O€OO'T | 8EOOT |EVOO'T | OSOO'T | SSOOT [0900'T | 2Z900°T | SZ00°L 
1000°T | €000°L | POOO'T | 9000'T | LOOT | 8000'T | 6COO'T | TLOO'T | PIOOT | BLOOT] EZOO'T | 8ZO0O'T | SEOOT |OPVOO'T | 9FOO'T |OSOO'T | SSOO'T | 1900°T | 6900°T 
LO00'T | €000'L | FOOO'T | SOOT | 9OOU'T | LOOO'T | 6000'T | OTOO'L | ELOOL| LTOO'L} TZ60'T | 9Z00'L | ZEOO'T | 9EOO'T | EVOOT | 9FOO'L | TSOO'T | ZS00°T | $900°T 


1000°L | Z000'T | €000'T | SO00'T | 9000'T | LOOO'T | 8000°T | 6000°T | STOOL | 9LOO'T| OZOO'T | HZ00'T | OEOO'T | PEOO'T | 6E0O'T | EPOO'T | LHOO'L | ES00'L | 6S00°T 
1000'T | Z000'T | €000'T | POOO'L | 9OOO'T | 9COO'T | LOOO'T | 6000°T | TLOO'T | STOOL] STOOL | ZZ00'T | 8Z00'T | ZEOO'T | LEOMT |OPOO'L | FHOO'L | 6PO0'L | SSO0'T 
1000'T | Z000°T | €000'T | FOOO'T | SOOO'T | 9O00'T | LOOO'T | 8O00'T | OLOO'T | PLOO'T | LIOO'T | TZ00'T | 9ZOO'T [NEOO'T | SEONO'T | 8EOO'T | ZFOO'L | 9F00'L | ZS00'T 
1000°T | Z000°T | €000°T | FOOO'T | SO0O'T | 9O00'T | LO0O'T | 8000'T | OLOO'T | ELOO'L| LLOO'L | OZOO'T | SZO0'T |8ZO0'L | EEON'T | 9EOO'T | OFOO'T | PHOO'L | OSON'T 


1000°T | Z000°T | €000°T | POOO'T | SOOT | 9000°T | 9000°T | 8000°T |} OLOO'T | ETOOT) 9IOO'T | 61OO'T | HZ00'T | 8Z00'T | ZEON'T | SEON'T |6E00'T | EFOO'T | 6P00'T 
1000°T | 2000° | €000°L | 000° | SO00'T | 9000°T | 9000'T | 8000'T | OTOO'T | ELOO'L| 9LOO'T | 6100'I | #ZOO'T | 8ZO0'T | ZEO0'L | SEOO'T |6E00'L | EF00'L | BFO0'T 
1000°T | Z000°T | €000°T | FOOO'T | SOOO'T | 9000'T | LOOO'T | 8O00'T | OLOO'T | ETOO'L| 9LOO'T | OZOO'T | SZOO'T | 8ZO0'T | ELOOT | 9EOO'L | OFOO'T | PHOO'T | 6F00'L 
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FACTORS TO CHANGE FROM A TEM- FACTORS TO CHANGE FROM A PRES- 
PERATURE BASE OF 60° F. to CON- SURE BASE OF 14.4 LB. PER SQ. IN. 


ABSOLUTE TO SOME OTHER 
TRACT TEMPERATURE BASE CONTRACT PRESSURE BASE 


Temperature Semserste . CONTRACT PRESSURE BASE 
Degrees F. Degrees F. bad 











rs. 








Above 14.4 Absolute 





Correction 
pa és Oz. | Lb. Lb. Factors 
ro = 2 125 14.525 9914 
~ 4 250 14.65 9829 
Ps (30” Hg., Absolute) 14.73 9716 
: 375 14.775 9746 
a 500 14.90 9664 
46 625 15.025 9584 
47 : 750 15.15 9505 
48 ; 875 15.275 9427 
49 : 1.000 15.40 9351 
‘ 1.125 15.525 9275 
sl 1.250 15.65 9201 
52 : 1.375 15.775 9128 
53 : 1.500 15.90 9057 
s4 ‘ 1.625 16.025 8986 
55 1.750 16.15 
ni : 1.875 16.275 8848 
: 2.000 16.40 
58 ' 2.125 16.525 
59 ‘ 2.250 16.65 
me 2.375 16.775 
61 2.500 16.90 
62 2.625 17.025 
63 4 2.750 17.15 
64 2.875 17.275 
3.000 17.40 
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METHODS OF DETERMINING APPROXIMATE HOURLY FLOW THROUGH AN ORIFICE METER 


Example: Assume an orifice 
meter with a 2 in. 
orifice in a 4 in. 
pipe run, having a 
differential of 40 
in. and a static 
pressure of 200 lbs, 
flange taps being 
used. 


(1) Locate differential on 
left margin. 


(2) Trace to right to perpen- 
dicular line representing 
static gauge pressure on 
bottom scale. 


(3) Read extension factor 


from diagonal lines. Extension — 95 


Orifice flow con- 
stant = 1070 
Hourly flow=95 x 
i = 102,000 ecu 
a 


(4) Hourly flow in cu ft= 
extension factor + ori- 
fice flow constants taken 
from tables No. XIV 
or XV. 


DIFFERENTIAL — INCHES OF WATER 


' 
tr? © & SKRRNSTRSK AREA SSBB SESE Ee 


STATIC GAUGE PRESSURE — LBS. PER SQ. IN. 





APPROXIMATE HOURLY ORIFICE FLOW CONSTANTS — APPROXIMATE HOURLY ORIFICE FLOW CONSTANTS — 
FLANGE TAPS PIPE TAPS 
Based on .65 specific gravity gas at average atmospheric pres: Based on .65 specific gravity gas at average atmospheric pres- 
sure and temperature. TABLE XIV sure and temperature. TABLE XV 





Orifice Pipe size Orifice Pipe sizes 
diameter 2”Std. 3”Std. 4”Std. 6”Std. 8”Std. 10”Std.12”Std, | diameter 2”Std. 3”Std. 4”Std. 6”Std. 8”Std. 10’Std. 12”Std 
inches (2,067) (3.068) (4.026) (6.065) (8.071) (10.136)(12.090) inches (2.067) (3.068) (4.026) (6.065) (8.071) (10.136)(12.090) 


-25 16 16 16 20 16 16 16 
329 36 36 36 a Y { 37 36 36 

.50 64 64 64 64 : 67 65 65 64 
.625 101 100 99 99 6 107 103 101 100 
.75 146 144 143 143 J 159 150 147 145 
.875 201 197 196 195 195 , 225 207 202 198 

00 267 258 256 255 254 309 276 266 259 257 
125 345 329 325 323 322 322 416 357 341 330 

.20 438 409 403 399 398 397 397 556 453 428 410 404 

550 499 489 484 482 481 481 741 566 526 499 491 

.50 688 600 585 577 57¢ 573 572 698 637 598 586 

714 690 678 675 673 672 854 764 708 691 

842 805 788 783 781 780 1040 906 829 805 

986 931 906 900 898 896 1260 1070 961 929 

1150 1070 1030 1030 1020 1020 1530 1250 1110 1060 

1340 1220 1170 1160 1160 1150 1860 1460 1260 1210 

1550 1380 1320 1300 1300 ~=1290 1690 14380 1360 

1560 1470 1450 1540 1440 1960 1620 1530 

1760 1630 1610 1600 ~~ 1600 2270 1820 1710 

1980 1810 1780 1770 1760 2630 2040 1900 

2220 2000 1960 1940 1940 3050 2270 2100 

2480 2190 2140 2130 2120 2530 2320 

2790 2400 2340 2320 £2310 2810 2550 

2620 2540 2520 2510 3110 2790 

2860 2760 2730 # £2710 3440 3050 

3100 2980 2940 2930 3800 3330 

3370 3220 3170 3150 4190 3620 

3650 3460 3410 3390 4620 3930 

3950 3720 3650 3630 5090 4260 

4270 3990 3910 3880 4620 

4600 4270 4170 4130 4990 

5350 4860 4730 4680 5820 

6220 5520 5330 5260 6760 

6230 5970 5880 7840 

7020 6660 6540 9070 

7880 7400 7240 10500 

8820 8190 7980 12200 

9870 9040 8760 

11000 9960 9600 

Note: The above Flow Constants 10900 10500 

are only approximate values and 12000 11400 

should not-be used in Commercial 13100 12400 

Gas Measurement Computations. 14400 13500 

15700 14600 

17200 15800 

17000 

18400 

19800 


From Report No. 2, Pracictal Methods Committee, Appalachian Gas Measurement Short Course, School of Mines, West Virginia University, 1940. 











Note: The above Flow Constants 
are only approximate values and 
should not be used in Commercial 
Gas Measurement Computations. 
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INSTRUCTIONS FOR ACCURATE PROOF TESTING OF GAS METERS 


To arrive at accurate results in proof-testing gas meters 
necessitates close attention to a great many details. Merely 
connecting the meter to a prover and passing a small quantity 
of air or gas through, without strict regard to the following 
rules, will result in an approximation only and is not a cor- 
rect proof test. 

To proof test a meter accurately the prover must be mathe- 
matically correct, perfectly level, duly conterpoised and ad- 
justed so as to give uniform pressure from top to bottom dur- 
ing the movement of the bell in the tank. Provers are com- 
monly adjusted to throw a pressure of one and one-half inches 
water column. The liquid in the prover, the air or gas in the 
bell and also the meter to be proof tested must all be uni- 
form in temperature with the air of the room in which the 
tests are to be made and all these temperatures must be kept 
uniform during the entire test. 

The meter or meters to be proof tested should be brought 
to the proving room at least five hours or if possible for a 
longer period before making tests, thereby giving them an 
opportunity to become adjusted to room temperature. When 
these conditions have been met, the test may proceed. 


Percentage of Error Table 
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The inlet of the meter is connected to the prover hose by 
means of a suitable connection. The connections and meter 
are then tested for leaks by opening the outlet valve on the 
prover connections, placing the palm of the hand over the 
meter outlet, and then closing the valve. If, the siphon 
gauge shows a drop in pressure, it is an indication of a leak 
in the connection or in the meter. The leak can be located 
by means of soapsuds. 

Attach the proper check cap on the meter outlet and pass 
enough air from the prover through the meter to bring the 
test hand, while on the up run, directly over a division or 
mark on the proving circle. 

Fill the prover bell and carefully adjust the zero scale read- 
ing by means of the prover slide valve. Open the valve on 
the connection and pass a sufficient volume from the prover 
through the meter to cause the test hand to make one full 
revolution. Exercise care to insure that the test hand is 
stopped exactly over the mark from which it started at the 
beginning of the test. The reading on the prover scale is noted 
and from these data the proof is determined. If the meter is 
to be proof tested at the open rate, the procedure is the same 
as with the check rate test with the exception that the meter 
outlet is unrestricted. The maximum rate at which the prover 
delivers air through the hose and connections to the meter 
at the open-rate test depends upon the capacity of the meter, 
pressure in the prover, and size of connections from the in- 
terior of the prover to the meter. 


Differential Test 


The differential test of meters at a definite check rate is the 
supplementary test which is used as a final check to determine 
the absence of avoidable internal friction or binds in meters 
before final proof. For this purpose the differential, which is 
the difference in pressure between the inlet and outlet of the 
meter, is indicated in inches of water on a sensitive draft 
gauge. 

At a very low rate of flow the differential is produced pri- 
marily by internal friction. In a properly assembled meter this 
internal friction depends upon the flexibility of the dia- 
phragms, the relative tightness of the stuffing boxes, and to 
a certain extent, upon the clearance between the moving 
parts. In some cases where heavier diaphragms or tighter 
packing of the stuffing boxes are specified, a slightly higher - 
differential will result. Consequently, for any particular size 
of meter, the differential limits will depend upon the speci- 
fications. 

Any increase in differential resulting from binds, excessive 
friction in the stuffing boxes, or stiff diaphragm leather should 
be eliminated before final proof. This precaution is of basic 
importance because if internal friction is reduced by wear 
after a meter is placed in service, the proof may be affected. 

At low rates of flow, the differential between meter inlet 
and outlet pressures may be about 0.10 inches of water. 


American Meter Company, Inc. 





CAST IRON AND 


Meter cases are now made in both cast iron and aluminum. 
The cast iron case has been standard for many years. With 
the event of new types of alloys and requests for light-weight 
meters having all the advantages of cast iron, the aluminum 


ALUMINUM CASES 


alloy meter has been brought forth to meet the necessary 
specifications. The advantages of the aluminum case meter 
are, freedom from rust, requires no paint, light to handle, no 
fire hazard, and all parts being interchangeable with older 
models. 





MEASUREMENT—AT HIGH PRESSURE 


Gas meters always measure the gas at line pressure. It is 
not always practicable to reduce the pressure and measure the 
gas at low pressure. In many instances it would be necessary 
to compress the gas again to transmit it to the point of con- 
sumption. 

Meters for high pressure service have the same measuring 
mechanism as those employed for low pressure. The only 
difference is in the strength of the case. 

If the line pressure does not remain constant, it is neces- 
sary to equip the meter with a recording volume and pres- 
sure gauge in order to arrive at the correct base or selling 
pressure. The correct volume is computed from the gauge 
chart and a pressure table. 

If the line pressure remains constant, a pressure and volume 
gauge is not necessary. The correct pressure factor may be 
taken from the table and applied directly to the meter read- 
ing. 

The generally accepted average atmospheric pressure is 
14.4 pounds. Gauge pressure is the difference between the 
absolute pressure and the atmospheric pressure, viz., the ab- 
solute pressure equals the atmospheric pressure plus gauge 


pressure. Absolute pressure must be used in all gas calcula- 
tions involving the gas laws. 

The method of converting volume measured at high pres- 
sure to volume at a base or selling pressure is as follows: 


215,512 cu. ft. 

14.4 pounds per sq in. 
4 ounces 
45 pounds per sq in. 


Meter Reading 
Atmospheric pressure 
Base pressure 

Gauge pressure 


In the table under “Base pressure 4 ounces” observe the 
constant for 45 pounds gauge pressure. It is found to be 4.005. 
Multiply the meter reading by this constant to obtain the 
volume measured at the selling pressure, or 4.055 x 215,512 
= 873,901 cu ft. 

If the pressure varies, it is necessary to employ a recording 
volume and pressure gauge. An average pressure for the vol- 
ume measured is calculated from the gauge chart. This aver- 
age pressure is then interpolated in table of pressure factors 
and the calculations from this point are identical to those 
employed for a constant pressure. 


Sprague Meter Company. 





Pressure Factors for High Pressure Measurement 





Base pressure, pounds absolute 
14.65 14.9 — 515.025 
(4 02.) (8 oz.) (10 oz.) 


Gauge 
pressure 
pounds 


16.4 
(2 Ib.) 


Gauge 
pressure 
pounds 


Base pressure, pounds absolute 


15.025 
(10 oz.) 


16.4 


(8 oz.) (2 Ib.) 
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421 


0.983 
.051 
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324 
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.561 
.622 


38 517 
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CRITICAL FLOW ORIFICE PROVERS 


The critical flow orifice prover may be used for testing posi- 
tive displacement meters at a pressure of 15 pounds gauge or 
more by passing gas or air through the meter and the orifice, 
and discharging it into the atmosphere. 

If the proof of the meter does not change with changes in 
pressure (it should not) the time required for a full circle 
reading of the proving hand of the index will be the same for 
any particular orifice and any kind of gas, regardless of vari- 
ations in pressure. 

To test a meter under working pressure conditions, the 
prover is attached to a connection close to the meter outlet. 

The orifice of proper size for testing the meter should be 


See American Meter Company Bulletin E-8. 


selected from a table furnished by the manufacturer show- 
ing the approximate time required for the passage of one 
cubic foot of air. A .500-inch orifice should be used for test- 
ing a meter at a rate of 4000 cu ft (index reading) an hour. 
A .250-inch orifice may be used for the low test rate. 

On account of the small size of the orifice used, it is not 
practicable to calculate the standard air time by the measure- 
ment of the diameter of the orifice. It is always determined 
by test and is stamped on the outlet side of the disc by the 
manufacturer. 

The “gas time’ for a test with any orifice depends upon the 
size of the orifice, the ratio of specific heats of the gas, the 
temperature of the specific gravity. 





METHOD FOR DETERMINING REGULATOR CAPACITIES 


A study of the various equations now in use for comput- 
ing regulator capacities reveals the following seem to be the 
most practical: 


(1) Where the flow is below critical velocity (regulator out- 
let absolute pressure being more than one half of the 


regulator inlet absolute pressure): Q = K\/hp, 


(2) Where the flow is above critical velocity (regulator outlet 
absolute pressure being less than one half of regulator 
inlet absolute pressure): Q = 42 KP, 


Where, 


Q = M Cu Ft per hour of .65 Sp. Gr. Gas at a base press. 
of 14.73 Ibs per sq in absolute 
h = Drop in pressure aross regulator in Jbs per sq in. 
P,, = Absolute outlet pressure in Ibs per sq in. 
P, = Absolute inlet pressure in lbs per sq in. 
K = Constant, depending on regulator valve size and 
characteristics. 


For convenience, these equations are transposed as follows: 
Q = Kx Flow Factor 


Graphic Charts Figures 1, 2, 3, & 4 have been prepared 
whereby flow factors may be read directly, depending upon 
the regulator inlet and outlet pressures. 

The “Flow Factor” (shown on bottom scale) is equal to 
\/hp,, for conditions outlined under equation (1); and is 
equal to % P,, for conditions outlined under equation (2). 
These flow factors when multiplied by factor “K” (in table) 
equal the recommended maximum regulator capacity. 

In attempting to determine “K” factors for practical use 
for the different regulators in common use, it is necessary to 
make several compromises and assumptions which are briefly 
stated as follows: 


(1) It is interpreted that the maximum capacity of a regula- 


From Columbia Gas System Engineering Corporation. 
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tor is that quantity of gas which a regulator will de- 
liver at a given pressure drop between its inlet and out- 
let flanges; that is, the regulator body is considered the 
unit rather than only the regulator valves or any part of 
the setting. 


In developing practical“K” factors for the different regu- 
lators, it is known that some regulators have greater valve 
opening areas than the area of the regulator outlet pipe 
opening. In such cases, the capacity should be reduced 
to an amount equivalent to a valve opening area equal to 
approximately 60 per cent of the regulator outlet pipe 
opening cross sectional area. 


(3) These capacity data are based entirely on the capacity of 
the regulator main body and do not take into account 
variations in outlet pressure resulting from other causes, 
such as friction, lack of operative power, etc., which 
are common in the older type of regulator. 


The table sets forth practical “average values” for K, which 
are believed to be accurate and safe for the purpose intended. 
In most instances they are as accurate as many of the other 
variables involved, such as the estimated inlet and outlet pres- 
sures, etc. Where more accurate values of “K” are available, 
such as those furnished by regulator manufacturers, obtained 
from special tests, etc., they may be substituted for those in 
the table and inserted in the blank spaces provided. 


There may be instances where special regulators are in use 
and it is desired to obtain their approximate capacity. This 
may be done by determining the valve opening area in terms 
of square inches and using a “K” factor of 1.00 for each 
square inch, providing this area is no greater than approxi- 
mately 60 per cent of the regulator outlet pipe opening. If 
the valve opening area is greater than 60 per cent of the out- 
let pipe opening, the valve opening area above this amount 
should be ignored. The approximate regulator capacity is 
then equal to “K” x Flow Factor, in the same manner as 
though the “K” were taken from the table. 
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FLOW FACTOR 
- FIGURE | - 


To determine Maximum Capacity of Regulator: 
(1) Locate outlet pressure on left margin of graph 
(2) Trace horizontally to estimated minimum inlet pressure 


(3) Trace vertically down and read “Flow Factor” on bot- 
tom scale 


(4) Maximum hourly capacity = Flow Factor x “K” 
factor 


Example: 


Assume—A 6” Regulator, 25 Ib. Outlet Gauge Pressure, 
and an estimated minimum inlet Gauge Pressure 
of 40 lb. 


Then—From graph (Figure 2) Flow Factor = 24.5, and 
from table “K” Factor = 16.5 . 
Maximum Regulator Capacity = 24.5 x 16.5 or 
400 M. Cubic Feet per Hour 


To determine size regulator required when the quantity and 
pressure conditions are known: 


Example: 


Assume—A niaximum hourly rate of flow 100 M. Cu. Ft. 
per Hour, an Outlet Pressure of 100 Ib., and an 
estimated minimum inlet Pressure of 250 Ib. 


Then—From Graph (Figure 4), Flow Factor = 133, 
therefore “K” Factor required = 100 + 133 or 
Pas 


It will be noted from table shown that a 2” reg- 
ulator having 1” balanced valves will have ample 
capacity. 








Practical K Factors For Use In Determining Regulator Capacities 





K factors 


Size regulator “average values” 





2” (3%” balanced values) 43 
2” (1” balanced values) 4 
2” (std. balanced values) 


3” (std. balanced values) 
4” (std. balanced values) 
6” (std. balanced values) 


8” (std. balanced values) 
10” (std. balanede values) 
12” (std. balanced values) 
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FLOW FACTOR 
—FIiGUREF 4— 





INLET PRESSURE, PSIG 


200 


OUTLET PRESSURE, PSIG 
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300 


GUIDE FOR DETERMINING PRACTICAL 
PRESSURE CUT FOR SINGLE 
GAS REGULATOR 


And Number of Cuts Required for a Station 





Explanatory 
Case A: 


To determine the practical pressure cut for a 700 psig inlet 
pressure. 


1 — Locate 700 psig inlet pressure on the left scale of the 
graph. 


2 — Trace horizontally to the right to the curve and then 
trace vertically downward to the bottom scale. Read 
outlet pressure of 280 psig. 


Case B: 


To determine the number of cuts required for a station 
where the inlet pressure is 700 psig and the desired outlet 
pressure is to be 20 psig. 


First cut — 700 psig to 
280 psig. 

Second cut — 280 psig to 
100 psig. 

Third cut — 100 psig to 
20 psig. 





400 


From Columbia Gas System Engineering Corporation. 





PURIFICATION 


Purifier Reactions 

(1) Fe, O, ¢ H,O + 3H,S = Fe,S, + 4H,O. 

(2) Fe,O, e H,O + 3H,S = 2FeS + S + 4H,0. 

Revivification of fouled oxide: 

(3) 2Fe,S, + 30, + 2H,O = 2Fe,0, ¢ H,O + 6S. 

(4) 4FeS + 30, + 2H,O = 2Fe,0, * H,O + 4S. 

Purifier reaction (1) is the desirable one in gas purification. 
It occurs under alkaline conditions. The ferric sulphide 
(Fe,S,) is readily converted back to the hydrate oxide with 
oxygen in the presence of suitable amounts of moisture ac- 
cording to reaction (3). 

Purification reaction (2) takes place under neutral or 
slightly acid conditions. The ferrous sulphide (FeS) may also 
be oxidized to hydrated ferric oxide according to the equation 
(4). The formation of ferrous sulphide is undesirable because 
at slightly elevated temperatures, caused by the heat given off 
in the reaction between oxide and H,S, the ferrous sulphide 
combines with free sulphur forming iron disulphide. FeS, as 
follows: 

(5) FeS + S= FeS, 
FeS, is inert and is not reoxidized to hydrated oxide. At 100° 
F. ferrous sulphide is oxidized to ferrous sulphate: 
(6) FeS + 20, = FeSO, 

Ferrous sulphate in the presence of water reacts acid. To cor- 
rect this condition some manufacturers of purification ma- 
terial request that the plants submit a gallon of the fouled 
oxide for a complete analysis immediately after it has been 
discharged from the box. If the oxide is found to be sour, in 
other words less than a pH of 7, it is recommended that 
slacked lime be forked into the material before recharging it 
into the box. Also from the contaminate content of the oxide 
it can be determined whether naphthalene, cyanogen, light 
oils and tars are being properly removed by the gas cleaning 
equipment. Finally, the amount of combined sulphur present 
in the sample indicates whether sufficient air is being added 
to the gas for revivification in situ. 


Types of ‘‘Oxide’’ 
There are three types of oxide used for gas purification. 
They are Natural Irones Ores, Rusted Cast Iron Borings and 
Precipitated Oxides. 


Capacity of Purifiers 

The primary factors in purifier capacity are: time of con- 
tact and the amount of H,S in the unpurified gas. 

There are several rules or formulas for calculating purify- 
ing capacity. Some specify so many square feet of cross sec- 
tional area per unit volume of gas passed in a given time, 
others include the depth of oxide. A formula which allows 
for the several factors in the Semet-Solvay Formula, shown 
here. 

Less complicated rules are those given by E. L. Sweeney, 
G. E. Seil and T. P. Keller. 

Sweeney recommends a purifier capacity of 5000 bushels 
of active oxide, or 6000 bushels of normal oxide per million 
cu. ft. of maximum day output. 

Seil says that it is customary to figure on 5 bushels of 
oxide sponge per 1000 cu. ft. of gas per day, which is sub- 
stantially the same as Sweeney’s recommendation. 

Keller suggests purifier capacity based on 30 cu. ft. of gas 
per hour per bushel of oxide in each box, and recommends 
no less than a 4 box series in any plant operating continuously. 
However, in a plant where the gas temperature moisture, 
cleaning and other conditions are favorable, the quantity of 
gas handled may be as high as 100 cu. ft. per hour per bushel 
per box. 

Miscellaneous Notes 

Clean gas and clean oxide are essential to efficient purifica- 
tion. 

Selection of oxide is largely a local matter, as there are 
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many suitable oxides from which one may choose. The main 
considerations are: 

1. The material should contain no metallic iron or steel 
and the mass should be easily permeable to the gas. 

2. The concentration of iron oxide may vary from 5 
pounds to 15 pounds Fe,O, per bushel, depending upon lo- 
cal conditions. 

3. Care should be taken that the oxide does not take fire 
or be violently heated. 

4. Do not allow oxide to dry out while lying around or in 
the boxes. Once it becomes too dry, it is difficult to get the 
material to absorb the proper amount of moisture. 

The activity of oxide increases with an increase in tempera- 
ture. A temperature range of from 92° to 100° F. is very 
satisfactory. For proper removal of tar and oils it is advan- 
tageous to cool the gas to 60° F. or lower. If the gas reaches 
the purifiers at a temperature of 60° F. or lower, the tempera- 
ture can be easily raised to 92° F. or 100° F. by introduc- 
ing steam into the gas at the inlet to the purifiers. This will 
saturate the gas at the higher temperatures and prevent dry- 
ing the oxide. At a temperature of 60° F. most oxides are 
quite active and if the oxide is clean it will ultimately remove 
more sulphur ever at 40° or 50° F. than material saturated 
with tar. 

When oxide throws excessive back pressure, one remedy 
is to take off the cover of the box and remove the impervious 
crust. This can only be accomplished when the gas flow is in 
at the top and out at the bottom, and is one reason why it is 
distinctly advantageous to have one directional gas flow. Like- 
wise in down flow boxes any deposition of moisture is more 
evenly distributed when the moisture is draining from the 
box in the direction of the gas flow and not counter current 
to it. Where an impervious layer cannot be partially removed, 
it is necessary to dump the entire box. 





Semet-Solvay Engineering Corporation Gas Purifier Formula 
Based on Original Steere Engineering Company Formula 
wt. GxS 
= 3000 x (D+ C) 
3000 x (D+C) x A 
Ss 





G= 


Where: 

G = maximum quantity of gas in cubic feet (corrected 
to 60 F) to be purified per hour. 
factor for grains of hydrogen sulfide (HS) per 100 
cu ft of unpurified gas, as given in the table below 
Y the total depth in feet of oxide through which 
the gas passes consecutively in the purifier set, and 
is obtained by multiplying the depth of such oxidc 
per box by the number of boxes in series in the set 
Where a single “catch box” is used for two or more 
sets, disregard the catch box in obtaining factor 
—— 
cross sectional area in square feet of the oxide 
through which the gas passes on its way throug): 
any one box, in series of a set. 
factor, 4 for two-box, 8 for three-box, and 10 fe: 
four-box series, respectively. Where a single catc’) 
box is used for two two-box sets, use factor C = ( 

3000 = assembling constant. 

Factor corresponding to the value of S expressed in grairs 
H,S per 100 cu ft unpurified gas is: 


Grains 
1,000 or more 





Gee 


= 


Factor 
720 


700 
675 
640 
600 
560 
525 
500 
200 or less 
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Most oxide manufacturers will furnish oxide of various 
degrees of coarseness dependent upon whether the local 
plant condition necessitates special material due to dry gases 
or to tar contaminated gas. 

When new or comparatively new oxide is removed from 
the box, it must never be left in piles, but should be spread 
out in layer from 12 in. to not over 18 in. deep; otherwise it 
may take fire. The purifier should be completely emptied and 
no oxide left in it over night. 

The alkalinity of oxide is important for efficient purifica- 
tion. New material should be sufficiently alkaline to show a 
PH value of from 8 to 11 when put in the boxes. A pH value 
of 7 or more should be maintained during the total life of the 
material. If the alkalinity goes below 7, sulphur and iron will 
combine to form a compound that will not revive. Alkalinity 
can be maintained by adding 4 to 6 grains of ammonia per 
thousand cubic feet in carburetted water gas or 10 grains per 
thousand cubic feet of coke oven gas where cyanogen com- 
pounds do not exceed 40 grains per hundred cubic feet. Under 
certain conditions oxide manufacturers will recommend the 
addition of a wetting agent and sufficient alkali by means of a 
spray in the box in order to maintain an alkaline pH through- 
out the life of the oxide. 

There are numerous inexpensive pH sets on the market so 
that the smallest gas plant can purchase one for not only the 
control of their purifying boxes, but also for their boiler water 
determinations. 

E. L. Sweeney (A.G.A. Production Conference 1939, pub- 
lished in American Gas Journal 1939) gives the following ad- 
ditional notes on dry box purification. 

“For economical operation a capacity of 5000 bushels of 
active oxide; or 6000 bushels of normal oxide, per million 
cubic feet of maximum day output is satisfactory. 

“A flow of gas equivalent to 30-50 cu. ft. per hour per 
bushel of oxide in the first box is desirable. The rate of flow 
should be as high as possible. It depends upon the kind of 
oxide used and the concentration of H,S. If the material is 
of normal activity, a rate as high as 50 cu. ft. per bushel of 
oxide in the first box can be used. A rate below 30 cu. ft. will, 
in most cases, eventually result in traces of H,S passing the 


system. This phenomenon is more than likely due to the thick- 
ness of the water and gas film on the surface of the oxide 
particles which is affected by the velocity of the gas. The 
diffusion rate of H,S through this film is the controlling fac- 
tor. 

“A mixture of approximately 2 volumes of carrier to 1 
volume of ore produces a satisfactory surface area. 

“The concentration of oxygen in the outlet gas should be 
0.5% -1.0%. 

“The activity of an oxide increases with increase of tem- 
perature, and a range between 90°-110° F. controlled with 
exhaust or live steam injected into the inlet gas main has been 
found satisfactory. 

“A rise in temperature through the system usually indi- 
cates either excess oxygen, or a deficiency in moisture, some- 
times both. This condition will cause the oxide to become 
caked, dry and inactive, except in a few instances where the 
gas entering is saturated and the interval of time between 
dumping is comparatively short.” 


Lead Acetate Test for Hydrogen Sulfide 

The gas shall be considered free from hydrogen sulphide 
(HS) if a strip of white paper, moistened with a solution con- 
taining 5 per cent by weight of lead acetate, is not distinctly 
darker than a second paper freshly moistened with the same 
solution, after the first paper has been exposed to the gas for 
| minute in an apparatus of approved form, through which 
the gas is flowing at the rate of approximately 5 cu. ft. per 
hour, the gas not impinging directly from a jet upon the test 
paper. , 


Bureau of Standards, Circ. 32. 


Sensitive Basic Acetate 
50 grams of lead acetate per liter made basic with NaOH 
until the precipitate first formed is dissolved. This solution 
stains light brown at a concentration of less than 0.04 grains 
of H,S per 100 cu. ft. It is about 10 times as sensitive as the 
standard lead acetate paper tests. 


E. L. Sweeney. 


DIETHYLENE GLYCOL PROCESS 


It has been established that solids resembling ice or snow 
form under certain conditions in natural gas transmission 
lines operating at elevated pressures. The solids, called hy- 
drates, are a combination of water and hydrocarbon com- 
ponents of the gas and restrict flow in the line and clog pres- 
sure regulators and valves. Formation of hydrates can be 
eliminated by dehydrating the gas entering the lines or by 
the use of anti-freeze agents such as methanol. Dehydration 
is the method commonly used today to prevent hydrate for- 
mation in long distance lines, although anti-freeze agents are 
occasionally used. Most pipe line companies now specify a 
maximum permissible water content of gas entering their 
transmission systems. 

The glycols are noted for their hygroscopicity which is one 
of the characteristics that has led to their widespread in- 
dustrial use. Diethylene glycol has been successfully used to 
dehydrate natural gas for 15 years. Triethylene glycol has 
been used to dehumidify air since 1939, although it has been 
used for natural gas dehydration only recently. Both of these 
high boiling point glycols are thermally stable and do not oxi- 
dize or decompose in normal plant use. Make-up require- 
ments, are, therefore, small. The dew point depression ob- 
tainable in a glycol dehydration plant depends upon the tem- 
perature at which contact occurs, as well as the concentration 
of glycol in the circulated solution. More natural gas is de- 
hydrated today by means of the glycols than by any other 
method. 


GAS HANDBOOK ISSUE 


A glycol type dehydration plant contains a minimum of 
equipment and inexpensive “package” units are available 
from several manufacturers. Many such plants do not re- 
quire constant supervision and are, therefore, inexpensive to 
operate. The introduction of plants of this type makes pos- 
sible dehydration of gas at the well head, thus eliminating 
the need for line heaters in field gathering systems. The gly- 
col process consists of scrubbing the gas stream to be dehy- 
drated with a glycol-water mixture in a plate or packed 
column. The dehydrated gas leaves the top of the contactor 
after passing through a mist extractor section. The dilute gly- 
col solution which has removed the majority of the water 
from the gas stream leaves the bottom of the contactor and 
passes through a heat exchanger into a concentrator in which 
water is removed. In most plants the concentrator consists of 
a still provided with heat exchange surface for further heat- 
ing the glycol solution and a fractionating column to reduce 
the loss of glycol vapor in the overhead. Heating may be ac- 
complished by direct firing, steam or hot oil. Other methods 
of concentrating the solution, such as a vacuum distillation, 
are used in special cases. After leaving the concentrator, the 
glycol is heat exchanged with the incoming dilute solution, 
may be further cooled with water if necessary, and returned 
to the top of the contactor to repeat the dehydration cycle. 


Carbide and Chemicals Company. 
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COMPARISON OF DRYING AGENTS AND DEHYDRATION PROCESSES* 








Type of dehy- 
dration 


Advantages 


Disadvantages 





Remarks 





Type of dehy- 
dration 


Advantages 


Disadvantages 


Remarks 





Physical and physi- 
cochemical 
methods: 

Cooling 


Compression 


Absorption 
With liquids 


Brine 


(35-40% 
CaCh) 


Diethylene 
glycol 
96% 


Lithium 
chloride 


Glycerin 
40 


Zine chloride 


Calcium 
chloride, 


7o> . 
Glycerin 


20% 


Dow 8A 
(CaBr2- 
CaCleand/ 
or CaBre) 


Amine, gly- 
col, water, 
7-8% 
mono- 
ethanol- 
amine, 75- 


oO 
pm 
glycol, 
12-16% 
water 


Inexpensive 
where cooling 
water is cheap 
or refrigeration 
is available as 
by-product of 
another process 


CaCl very 
cheap. Small 
make-up re- 
quired (0. 1-0.2 
Ib CaClo/million 
cu ft., 0.393 
Ib/million cu ft) 


Relatively 
stable toward 
gases containing 
oxygen, sulfur, 
or carbon di- 
oxide. Good 
dew-point de- 
pression. No 
danger of solidi- 
fication of con- 
centrated solu- 
tions 


Highly hygro- 
scopic. Nontoxic. 
Not hydrolyzed 
on boiling. Con- 
centrated solutions 
not readily so- 
lidified. Less 
corrosive than 
CaCl. 


High dew-point 
depression 


Inhibits crystalli- 
zation of CaClo, 
allowing greater 
dew-point de- 
pression than 
straight CaCle 


High dew-point 
epression 


Simultaneous re- 
moval of water, 
carbon dioxide, 
hydrogen sul- 
fide, and other 
acid gases. 
Greater dew- 
point depres- 
sion than glycol 
alone. Glycol 
reduces foaming 
tendencies of 
the amine 


Limited degree of 
dehydration. 
Possibility of 
plugging cooler 
tubes with ice 
or hydrates 


Possibility of hy- 
drate forma- 
tions in cooler. 
Not economical 
unless higher 
pressures are 
necessary for 
some other step 
in processing 
the gas 


Danger of electro- 
lytic corrosion 
(not corrosive 
in natural gas 
unless pH is be- 
low 4.2). Tends 
to emulsify 
with accumu- 
lated absorp- 
tion oil, en- 
trained oil, etc., 
to decrease the 
efficiency of 
contacting 
equipment. 
Available dew- 
point depres- 
sion limited by 
the solubility of 
CaCl. Hydro- 
gen sulfide 
forms objec- 
tionable pre- 
cipitates 


0.2-0.8 lb glycol 
lost/million cu 
ft through va- 
porization 


Expensive. Com- 
mercial grades 
of lithium chlo- 
ride reported to 
be corrosive be- 
cause of im- 
purities 


Expensive. Tends 
to decompose 
on regeneration. 
At concentra- 
tions above 


85%, it becomes 


too viscous for 
easy handling 


and foams easily 


Possible acid cor- 
rosion 


Hydrogen sulfide 
formsiron sul- 
fide and causes 
foaming. Cor- 
rosive 


Corrosive 


Amines volatilize 


and may be ad- 
sorbed on solid 
desiccants used 
in subsequent 
processing, ne- 
cessitating oc- 
casional wash- 
ing of the desic- 
cant 


Dehydration 
plants follow 
compressors to 
take advantage 
of this effect 


Dew-point depres- 


sion of 23-31° F 


Dew-point depres- 
sion of 40-60° F 


Dew-point depres- 
sion of 40-67° F 


Dew-point depres- 


sion of 30-33° F. 


Used in manu- 
factured gas 
plants aboard 


Dew-point depres- 
sion of 40-55° F 


Dew-point depres- 


sion of 23-41° F. 


0.02 to 0.06 gal. 


of make-up/ mil- 
lion cu ft on unit 


treating 110-130 


million cu ft/ 
day at 200 psi 


Dew-point depres- 
sion of 29-§4° F 


Approximately 
0.1 gal/million 
cu ft make-up 
required 





With solids 
Lump CaCle. 
olded 

from water, 
CaCle and 
pulverized 
minerals or 
molten 72% 
CaCle 
solution. 
Addition of 
pulverized 
carbon adds 
odor ad- 
sorption 


ROH, } NaOH 


Adsorption. 
Granular ad- 
sorbents in 
general (silica 
gel, activated 
alumina, ac- 
tivated CaSOx, 
activated 
bauxite, Flor- 
ite Desiccant) 


Chemical methods: 
Phosphorus 
pentoxide, 
P205 


Barium oxide, 
BaO. Precipi- 
tated by heat- 
ing BaCO; 


Magnesium per- 
chlorate (an- 
hydrous; tri- 
hydrate) 


Magnesium ox- 
ide, MgO 


Unslaked lime, 
CaO 


Combination methods: 


Combined ab- 
sorption-ad- 
sorption 
(HiF lorite, 
alumina, CaCle, 
impregnated 
Drierite, etc.) 


Combined use of 
refrigeration 
tqui 
absorbent 


Inexpensive. 
High capacity. 
Simple equip- 
ment required 


Disintegrates in 
water, obstruct- 
ing gas flow. 
Corrosive. Effi-. 
ciency of dehy- 
dration varies 
with amount of 
water absorbed. 
Generally dis- 
carded when 
once exhausted 


(same advantages and disadvantages as 


lump CaCle) 


Good drying ef- 
ficiency. Not 
corrosive. Eas- 
ily regenerated. 
Easily handled. 


Highest drying 
efficiency. Good 
capacity 


Will dehydrate at 
temp up to 


1000° F. Cheap. 


Granular. Eas- 
ily handled. Ef- 
ficiency prac- 
tically equal to 
P2Os. Large ca- 
pacity. 


Anhydrous form 
reported to hav 
efficiency of 
P205. Large 
capacity. Con- 
tracts on ad- 
sorbing water. 


Chemically neutral. 


High activity 


High capacity 


Relatively high 
capacity. Good 
efficiency 


Higher dew-point 
epression than 


absorbent alone. 


Less danger of 
freeze-ups than 
refrigeration 
alone 


Drying unit is 


cyclic rather 
than continu- 
ous. May be 
plugged or dis- 
integrated by 
contaminants. 
Relatively high 
heat require- 
ments for re- 
generation 


Difficult to han- 
dle. Corrosive 
Becomes wet 


and sticky when 


saturated. 
Strongly acid. 


Expands on hy- 
dration. Can- 
not be regener- 
ated. Strong 
alkali. 


Not suitable for 
flammable or 
acid gases (re- 
acts to form ex- 
plosive per- 
chloric acid 


Low capacity 


Corrosive. Hard 
to handle 


Loss of impreg- 
nated salt at 
high moisture 
saturation. 
Higher initial 
cost of disic- 
cant. Corrosive 
(depending on 
nature of im- 
pregnated salt) 


Must be preceded 
by gasoline 
plant on natu- 
ral-gas systems 
to prevent for- 
mation of con- 
densate. rela- 
tively complex 
plant operation 


Used for liquefied 
petroleum gases 


Dew-point depres- 
sion of 100° F 
or more 


Not used on large- 
scale gas drying 


Not used on large- 
scale gas drying 





*Amero, Moore, and Cappell, Chem. Eng. Progress, April, 1947. Repro- 
duced by permission of the authors, the Floridin Company, Warren, Pa., 


and the AIChE. 


By permission, from ‘‘Natural Gas and Natural Gasoline,"* by R. L. Huntington. 
Copyright 1950. McGraw-Hill Book Company. 
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GAS ODORANT CHARACTERISTICS 


Information furnished by manufacturers 





Natural Gas 

Odorizing Co., Ine. ———————— 

Odorant - -— Spotleak 
Characteristic no. 1008 


Captan 





Specific gravity 0.835 0.83 
Molecular wt., av. of 
mercaptans present 7 
Weight/gal., Ibs............... ri b.7 
Viscosity, centistokes—at 60° F. 
—at 77° F. 
Reid vapor press., at 100° F, psi 5. 
Distillation Start 125° F 
95% 265° F 
End 340° F 


é 


120 
= 270 


70 psi = 700 psi 


2,400 240 
6,800 680 
Freezing point, °F <—50 
Flash point, open cup, °F <i) 
Mercaptan cont., % by wt 94 
Mercaptan sulfur cont., % 
OY WOMMING eo. 05s ob cen esc 3: 33 
Toxicity at normal 
concentration 
Solubility in water, % mercap. 
sulf. content in sat. sol. at 


—=—o 


14 Jae 0.060 
Recommended odor.-rate, 
Ibs/M Mef 
Sulfur contribution at rec. rate, 
grains/100 cf 


negligible 


0.25-1.00 0.25-1.00 


0 .058-0 .232 


Sharples Chemicals, Inc. 


Spotleak 
no. 1009 


Pentalarm 
no. 1004 


Pentalarm 
no. 86 


0.81 0.84 0.84 
104 ' 88 
0 7.0 


69 


” 


120 221 122 
180 266 240 
800 psi 70 psi _700 psi 70 psi = 700 psi 


3,800 380 


70 psi 


500 50 520 52 
11,000 1,100 1,760 176 1,880 188 
<—50 <—50 <—50 
<0 50 <0 
94 90 94 


35 28 34 


negligible negligible negligible 


0.040 0.010 0.015 


0.25-0.75 0 .50-1 .50 0.50-1 .25 


0 .06-0.183 0 .098-0 .294 0.120-0 .300 








Odorant 


Characteristic Calodorant 


Oronite Chemical Company 





Calodorant 


Alert 
‘ ‘80” 


Calodorant 


stg 





Specific gravity 0.78 
Molecular weight — 
OO a a a aD 5 
Viscosity, centistokes, 77° F 7 
—32° F 98 
— 0°F 2 
Reid vapor press., at 100° F, psi 3.0 
Distillation (ASTM D-86) 
50% recovered 
70% recovered 
90% recovered 
End point 
Recovered 
Flash point 
Freezing point 
Solubility in water, % by vol 
Sulfur contribution, grains/100 cf......... 
at 2 gals/MMef 
at 14 lb/MMef 


230° F 
260° F 
309° F 
360° F 


“CO” Special 


1.0 0.878 0.830 
88 104 — 
8.34 7.31 6.9 
0.94 0.82 0.48 
1.33 0.55 
1.85 0.66 
9.0 
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ANALYSES OF COAL TYPES FREQUENTLY USED IN, OR SUITABLE FOR 
BY-PRODUCT COKE OVENS’ 








Proximate analysis 
(on coal as received) 


Ultimate analysis Estimated Estimated 
(on dry coal!) Btu coke yield _gas yield, 
. value (total), per Btu in 
Volatile Fixed (dry cent on coal gas per 
matter carbon Carbon Hydrogen Oxygen Sulphur Nitrogen coal) as received Ib coal 





Name of coal 





31.00 61.38 ; 78.50 4.67 6.82 
32.20 58.00 ‘ 77.80 5.20 6.33 
35.00 57.60 B. 79.60 5.36 6.14 
35.22 55.36 ; 79.45 5.34 5.94 
34.35 56.42 79.13 5.34 6.18 
16.26 71.06 8. 81.96 4.15 2.22 


14,230 71.0 
14,100 
14,320 
14,230 
14,180 


14,075 
Ciearfield—Cambria 


(Lower Kittanning)’. .. . : 21,17 70.90 ¢ 84.10 4.60 2.72 
West Virginia: 


14,800 
33.57 82.45 5.32 
31.30 80.38 4.69 
34.86 80.86 5.15 


18 14,840 
79 
42 ; 
37.66 25 : 78.63 5.29 
38 
00 
92 


14,600 
14,500 
14,130 
16.39 86.79 4.22 15,020 
24.76 86.08 4.95 : 15,220 
26.40 79.03 : i 14,020 


29.00 ; , R 4.23 : E 14,670 
32.87 59. 14,810 
34.90 60. 14,990 


36.33 57. 
37.21 56. 
37.52 57 


14,650 
14,620 
14,960 
38.03 55.18 : 80.34 14, 250 


62. 81.69 
64. j 79.61 


14,550 
14,090 


48.77 74.47 13,200 


35.05 46.54 75.87 13,530 


36.51 52.03 UL: 77.24 8.09 ’ 45 13,670 


37.99 49.89 8.06 174.95 5.43 8.49 53 


13 ,380 


37.69 47.05 11.49 72.92 5.36 7.71 0.49 1.58 13 , 262 63.0 








Most of these analyses except where noted are of face samples taken in the mine; usually car deliveries to the consumer run 2% to 3% higher in ash. 
1Prepared by Dr. H. C. Porter, Consulting Engineer, Philadelphia. 

2Mine sample, analysis by U. S. Bureau of Mines. 

3Car sample, average of 10 cars, analysis by U. S. Bureau of Mines. 


By permission, from **Gas Engineers’ Handbook.'’ Copyright 1934. McGraw-Hill Book Company. 





PRODUCTS OF HI AND LOW TEMPERATURE CARBONIZATION 


Yields of High Temperature, Low Temperature and Complete Gasification Processes 








Yield 
light oil 
benzol tobol, Yield Yield 
xyol tar gas 


8-12 gals. 10,000—11,500 
Per ton Cu. ft. per ton 
500—560 Btu per cu. ft. 


5000-6000 Cu. ft. 
Per ton 
500 to 900 Btu per cu. ft. 


Yield 
ammonium 
sulphate 


20-24 Ibs. 
Per ton 


Yield 
coke 


1300-1400 Ibs. per ton 
Suitable for metallurgical 
processes and domestic 


ue 

1400 Ibs. plus per ton 
Domestic fuel 
may have to be 


Process 





High temperature 


3 plus gals. 
Distillation 


Per ton 


Low temperature 
Distillation 


16-20 lbs. 


3-5 gals. 
Per ton 


20-28 gals. 
Per ton 


Per ton 


75 Ibs. 
Per ton 


1 gal. plus 
Per ton 


25 gals. 


Per ton 


100,000 Cu. ft. plus 


Per ton 


below 200 Btu’s 


per cu. ft. 


briquetted 


None 
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AVERAGE FLUE GAS DEW 
POINT FOR VARIOUS FUELS* 





Average dew point 


Fuel (temperature, °F) 





68 

84 

93 

111 

Natural gas 127 

Manufactured gas 137 

Propane (2,500 Btu per cu. ft) 119 

Butane gas (3,200 Btu per cu. ft)........ 124 
Butane-air gas mixture 

(535 Btu per cu. ft) 121 





* American Society for Testing Materials. 





OPERATING RESULTS, BY-PRODUCT COKE 
OVENS 





Philadelphia 





Coal used, per cent volatile matter 
(ash- and moisture-free)? 
Ee | 
Coking time (avg.), hr (gross)........ 
Width of ovens (avg.), in 
Coke yield, per cent dry............. 74.0 
Gas, cu ft per lb dry coal............ 5.36 
Gas, Btu per cu ft 577 
Gas, Btu per lb dry coal 3,093 
Producer fuel, dry, per ton coal, Ib. . . 215 
Producer fuel, combustible, per ton 


30.1 
17.9 
16.46 
17% 


200 
Producer fuel used, cu ft per lb coal 
(at 130 Btu) ¢ .52 
Yield tar, gal per ton .3e 8.16 
Yield sulphate, lb per ton 6 20 .92 
(Diluted with 
11% producer 


gas) 
Gas analysis: 


CO», per cent 
Ill., per cent 
Oz, per cent 
CO, per cent 
CH,, per cent 
Ho, per cent 
No, per cent 








Data assembled by H. C. Porter, Philadelphia. 

1Actual plant data submitted by The Koppers Company, Pittsburgh, Pa., 
for two plants, Utica, N. Y. (consisting of 21 small-size ovens built in 1924), 
and Philadelphia, Pa. (consisting of 74 large-size ovens built in 1928), both 
plants being Becker type Koppers ovens, fired by producer gas. The Utica 
results are taken from the official report of A.G.A. Carbonization Plant 
Tests made in 1925 for comparison of different types of plant, operating 
m the same coal. The Utica ovens were the first of their size and type to be 
nuilt and on that account were not operating at the time to the best advan- 
age. The Utica results cover a period of 21 days. The Philadelphia results 
‘re averages for a five-month period. 

*At Utica, 100 per cent volatile Pittsburgh coal; at Philadephia a mixture 
iveraging 76 per cent Powellton (W. Va.) and 24 per cent Pocahontas. 


Sy permission, from ‘‘Gas Engineers’ Handbook.’ Copyright 1934. McGraw-Hill 
Sook Company. 
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CALCULATING HEATING VALUE OF 
COAL FROM ANALYSIS 
By far the most satisfactory way of determining the heating 
valus of a coal is by the bomb calorimeter. Where only the 


analysis is available the following computations of the ap- 
proximate heating value of the coal may be made. 


Ultimate Analysis: 


O 
Btu per lb = 146 C + 620(H _ 2) + 40.58 


where 


C = per cent of carbon. 
H= per cent of hydrogen. 
O = per cent of oxygen. 
S = per cent of sulfur. 


With bituminous and anthracite coals and calculated 
values will usually be within 112 per cent of the observed 
value. The higher the percentage of oxygen the greater is the 
error apt to be. 


Proximate Analysis: 
Btu per Ib = (C X c+ V X v) — (16M + 30A + 39S) 
where 

C = per cent of fixed carbon. 

V = per cent of volatile combustible. 

M = per cent of moisture. 

A = per cent of ash. 

S = per cent of sulfur. 

c— see Table I. 

v—see Table II. 





TABLE I Values of c. 


For Anthracite Coal... . 
For Bituminous Coal 
For Lignite = 
Por tme........... 





Table II Values of v . 





Per cent 
vol. comb. 


Per cent 
vol. comb. 





27 
28 
29 
30 
31 


Or te CO DO 
9 00 Or me ox 


32 
33 
34 


35 


SOWNID 
09 9 He GO 
Rome went 


m BD OO Or 


CO WONHN CNBR 
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ANALYSES AND PHYSICAL PROPERTIES OF PETROLEUM OILS 








Viscosity 
Flash 
Analysis point, Fire Saybolt. Engler 
Gravity, Sper — open point, seconds scale 
Source or name °Be 60°/60°F H O and N cup, °F °F at 70°F at 68°F 











192 eg 387 
102 
100 
107 
46 
172 
230 
47 
70 
46 
—1 
273 
54 
60 
60 
180 
18 


14.4 0.970 85. j 0.84 
ited e's S00 Wins Aten aay ‘ 15. 0.966 < 
Summerland, Calif Me a oh hone ae 15 0.965 
Los Angeles City, Calif Feet heed ae |e 0.963 
Salt Lake, Calif ee Semen ee 15 0.961 
16 0.957 
17. 0.950 
18 0.946 
19 0.938 
re rae a 19 0.938 
| : : 20. 0.934 
Midcontinent et Sonera aS > eg 0.933 
— Calif aus - 20 0.931 
21 0.924 
22. 0.921 
22. 0.920 
22. 0.919 
23. 
: 24. 
ENE, 6 coy ose ss sisrsipe ot osteeee : ; 
Santa Fe Springs, Calif......... au 34. 
Santa Fe Springs, Calif... . Le ieee a5ety. Cae 
24. 
25. 
26. 
31. 
31 
36. 
37. 
39. 
40. 


264 
27 


—2 
6 
18 
102 


SoorSooH SoSH SoH SOY SOOM ONS OS 
SeESearsssaRassassesseusese 


128 


RN DWOOHMOSOSDONWOARHAANOH HE PRA E OS 


78 sa 112 





Saybolt 
seconds 





vowel 


_ 


.000 ‘ ‘ ; eid 17,500 S3 322 
992 re a Tr ses : 18,257 ae ; - 
987 86. § 9. . ‘ ea 18,050 Q Sats 300 
977 a : os 18,280 ee : 
975 ~ od 17,600 
975 ; ; 18,104 
971 5 ; ‘ ios 18,260 
966 § : 3 , ; 18,926 
957 Se * Mee 18,855 
955 3. 5 ; } ae 18,427 
0.950 . ‘as tae eax 18,845 
0.947 nes ea eek ws 17,822 
0.946 6 ‘ : 0.67 bol 18,790 
0.944 : Ve sibs .98 ‘ 18,507 
0.942 86. ; ee 20,152 
0.937 : , as — Sale 18,662 
936 ; : 18,240 
930 ; at" ies 19,665 
927 ‘oe ree —_ 17,117 
926 eg cae abe ee Sa 19,649 
924 g : ; : “een 19,060 
922 Ses ears we 19,663 
.921 sir Pelt ae wea 18,840 
920 ay es ae By 10 , 263 
920 isa Pe oii are 18,040 
920 ; ; . ; ae 19,430 
918 ae foe ee aa 19,720 
910 if ; goes ; “~ 19 ,659 
908 j : eis ; ata 19,338 
907 i d : a 19,235 
906 ; : isa crak wae 19,908 
905 : Pecks eee mar ue 20,193 
903 bin s Laas a 19,349 
901 pinta , : nous - 18,714 
891 wre : eek - 18,655 
888 ads a one 19,700 
886 : 1. re sl 19,210 
884 84. ‘ 37 pik 19,312 
881 5 es aor ee 18,103 164 
870 er pa oe ise 19,210 
865 ses acer ey 19,400 212 
864 , ‘ } ' ean 19,511 160 
845 ; , : : ns 19,627 154 
841 : : ; er er 21,240 abs 
837 ; back re ee 19,700 232 


977 sia Sai<d We 29,442 ae, e 
958 : : . 0.30 Me 16,960 195 son 98 
927 gta ye amare ee 29,291 268 

791 ; , 0.51 ue ears 19,922 110 aaa aan 
150 . 6.13 0.22 0.33 ba 17,300 485 a 418 
. 250 : 4.95 5.27 0.56 wae 15,800 530 wae 490 


Los arin City, Calif. . tact 
Bakersfield, Calif................ 
California......... 

Mexican.. . 


Los Angeles City, Calif... 
Midcontinent 

Kern River, Calif 
a Calif 

Western. . 


Humble, Texas 
Beaumont, Texas We ptaetion 
Spindle NAS a one cicia ccs 0 aie 8 Z 


Humble, Texas 
Midcontinent 
Spindle Top, Texas.............. er ae, eee ‘ 





Pe 
11.9 
4 
.6 
6 
1 
0 
4 
4 
7.9 
8.1 
4 
7 
9.5 
7 
6 
1 
3 
21.6 
0 
3 
4 
4 
4 
6 
.0 
3 
5 
7 
9 
2 
5 
7.3 
8 
0 
6 
9.1 
6 
=i 
2.3 
9 
8 
.6 
4 
2 
_ 
4 
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Compiled from Gebhardt, “Steam Power Plant Engineering’; Babcock & Wilcox Company, “Steam”; Heine Safety Boiler Company, “Steam Boiler 
Engineering”; Report of Committee on Petroleum, 1917; Rufus T. Strohm, “Oil Fuel for Steam Boilers.” 


By permission, from ‘*Gas Engineers’ Handbook,'' copyright 1934. McGraw-Hill Book Company. 
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CHARACTERISTICS OF 


CARBURETING OILS' 





Sample designation 
Gas oil 


(C) 


Gas oil 


(B) 


Heavy oil Heavy oil 


Heavy with some containing 
oil cracker tar cracker tar 


(3) 





A.P.I. gravity at 77°F 32.5 30.3 


Coke, per cent 0.02 


Sulphur, per cent 


Distillation test: 
Per cent by volume 
Below 400°F 
400 to 450 
450 to 500 
500 to 550 


650 to 700 

700 to 750 
Residue and loss 
Below 600°F 
Above 600°F 


Hydrocarbon test: 
Per cent by volume 
73. 
9. 
4. 
14.0 
82.0 
18.0 


45. 
19. 
10. 
26. 
64. 
36. 


Napthenes 

Aromatics 

Olefins....... 

Saturated compounds 
Aromatics and unsaturates. . . 


Cracking test: 
Optimum temperature, °F...... 
Btu in gas per gal 
Btu of oil per cu ft 


1330-1390 
104 ,000 
1,750 


1380-1425 
101 ,500 
1,750 
58.0 


Cu ft of oil gas per gal 60.5 


1380-1410 
96 , 500 
1,595 





15.4 


7.10 
0.60 


49.0 
23 .0 
8.4 
19.6 
72.0 
28 .0 


48. 
21 
12.0 
18.0 
70.0 
30.0 


35.7 
27 .§ 
14 

22. 
63 .6 
36. 


1350-1500 
108 , 100 
1,775 
60.8 


1350-1450 

96 , 900 

1,870 
51.8 


1300-1450 
96 ,000 
1,741 


55.1 


1350-1450 
84,000 
1,705 
49 .3 


1300-1425 
74,500 
1,77 


42.0 











1Jerome J. Morgan, “‘American Gas Practice.” 
*Begins to crack at 705 F. 


By permission, from ‘*‘Gas Engineers’ Handbook.'’ Copyright 1934. McCraw-Hill Book Company. 


+Decomposes at 672 F. 
tIncludes 7.0 per cent distilling between 750 and 817 F. 


GAS OIL EFFICIENCY 


Where gas oil is used for enriching carburetted water gas 
and no blow-run is made the following formula is generally 
employed to show the enriching value of the oil in Btu per 
gallon. 


1000 (F — B) 
+ 


G OB 





Btu per Gal = 
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where 
F = Btu per cu ft of the finished carburetted water gas. 


B = Btu per cu ft of the blue gas. (In lack of definite in- 
formation frequently assumed to be 300.) 


G = Gallons of oil per thousand cubic feet. 


O = Cubic feet of oil gas produced per gallon of oil. (This 
is generally from 65 to 70 cu ft.) 
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CALCULATION OF TERZIAN FACTORS FOR CARBURETTED WATER GAS MADE WITH HEAVY OIL 


The development of the heavy oil process for making car- 
buretted water gas has necessitated the conducting of plant 
scale tests under varied operating conditions. From the study 
of the operating restults of these tests, a formula called the 
“Terzian Factor” was developed for the comparing operat- 
ing results, and has been successfully used. The formula for 
the “Terzian Factor” is: 


; K 10 F + 100C 
Terzian Factor = ss A 


Where K = 10 F + 100C 
F = Gen Fuel used, Lb/Mcf 
C= Oil used, Gal/Mcf 
A = Btu per cu ft Make Gas 





When operating with a fairly uniform fuel and oil, operat- 
ing results obtained under extremely varying conditions of 
operations can be successfully compared by the use of this 
formula; the smaller the numerical value of the Terzian 
Factor, the better gasification efficiencies. 


It has been found in practice that the Terzian Factor, or 
the relation of K to the make gas Btu is practically constant 
under varying operating conditions, and varying amounts 


s 
2 
2 
2 
4 


° 10 20 30 
TAR MADE, GALS PER MCF OF 530 Bru. Gas 


Typical Relation of Terzian Factor to 
Gals. Tar Made per Mcf of 530 Btu Gas 
When Using Heavy Oils of Varying En- 
riching Qualities. 


8 


VALUES OF K @ K, 


TERZIAN FacTOR FOR $30 BTU. Gas 


70 80 90 foo 190 
EWRICHING VALUE, M. BTU. PER GALLON 


Typical Relation of Terzian Factor to En- 
riching Value of Heavy Oil when Making 
530 Btu gas. 


400 


100 


of generator fuel per Mcf, when producing a carburetted 
water gas of 400 to 700 Btu per cu ft calorific value, and op- 
erating with heavy oil of a fairly uniform quality. 


A study of heavy oil operating results of various plants for 
the last six years indicates that we can use the “Terzian Plant 
Constant” as a means of checking the plant operating results 
including the tar production. The formula for the “Plant 
Constant” is: 


Terzian Plant Constant = 
K 10F + 100(C-T) 


1 


A A 





Where K, = Plant Constant 
T = Tar Made gals/Mcf 
F. C. & A. are shown above 


The “Plant Constant” varies between .88 and .92, pri- 
marily due to the quality of the heavy oil used. Oils of high 
enrichment value give a low “Plant Constant,” and oils of 
low enriching value give the higher figure. There is also a 
slight variation between different plants, even though the 
quality of the oil might be practically the same. This varia- 
tion is due to certain plant characteristics such as the quality 
of fuel used, technique of operation, miscellaneous plant 
equipment, etc. 


H. G. Terzian, 1936 AGA Production Conference. 


$00 600 
BTU. PER CU.FT. MAKE GAS 


Relation of Make Gas Btu to K and K, Typical Values. 
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REFORMED GAS 


The UGI cyclic catalytic reforming process—12’-0” OD two shell standard unit. 
Estimated operating data. 


PART 1. PRODUCTION FOR LOW GRAVITY GAS SUBSTITUTE 


















Feed material for heating, process and enrichment 








































Production 


Quality of gas 
Btu of feed per cu. ft... 


Specific gravity of feed... wa 
Btu of reformed gas........... 


Specific gravity of reformed gas. . 
Btu of sendout gas..... 


Specific gravity of sendou 





t gas... 


H, to inerts ratio-sendout gas... 






Reformed gas—Mef per day... 


Sendout gas—Mef per day 


Feed Materials Used Per MCF 






Reformed gas basis: total cu. ft., or gallons. 


Gas Analyses—% 


Iiluminants 
SS ae 


rr. 


’ 


Sendout gas basis: total cu. ft., or gallons 










Natural Gas 


1040 
0.62 

280 
0.48 

540 
0.52 
2.00 


11,400 
17,300 


Reformed 
13 
54. 

6. 
0.: 


Ww OI 


8. 
0.: 
16 


“18 — 


337 
564 


Butane 


3200 
2.02 

287 
0.41 

540 
0.54 
4.47 


8,300 
9,100 


Siw 


Sendout Reformed 
8.9 16.0 
ood 64.0 
34.9 5.2 
0.2 
1.8 
5.8 7.0 
0.7 0.4 
12.0 4 


sam ie 


- 
~ 


Sendout 


14 
58.5 
4. 


S 
6. 
0 


~ 














PRODUCTION FOR 


MEDIUM GRAVITY GAS SUBSTITUTE 











Feed material for heating, process and enrichment 

































































Production 


Quality of Gas 
Btu of feed per cu. ft.. 


Specified gravity of feed... 
Btu of reformed gas............ 


Specific gravity of reformed gas. 






Btu of sendout gas............. 
Specific gravity of sendout gas. . . 


Hg to inerts ratio-sendout gas. . 







Reformed gas—Mef per day... 


Feed Materials Used Per MCF 


Sendout gas—Mef per day.... 






Reformed gas basis: total cu. ft., or gallons 
Sendout gas basis: total cu. ft., or gallons 


Gas Analyses—% 
Illuminants 
aS 





Natural Gas 





Reformed 
i2 
40.3 

7.9 


0.4 





Sendout 


Ww bdo 
Somos! 


 wenown=~e | 






Butane 


3200 
2.00 


259 


0.48 


540 


0.63 


25 


2 


€ 
“ 


9,300 
10,300 





Reformed 


14.4 
57 .6 


4.7 


Orc 
to 
NS 


-- 
— 


Sendout 


A 


oe 
wa NO Co 
wm © 
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PART Ill. PRODUCTION FOR HIGH GRAVITY GAS SUBSTITUTE 





Feed material for heating, process and enrichment Natural Gas Butane 





Quality of Gas 
Btu of feed per cu. ft 
Specific gravity of feed 
Btu of reformed gas 
Specific gravity of reformed gas. . . 
Btu of sendout gas............ 
Specific gravity of sendout gas. . 
H:. to inerts raito-sendout gas. 


Production 
Reformed gas—Mef per day 
Sendout gas—Mcef per day 
Feed Materials Used Per MCF 
Reformed gas basis: total cu. ft., or gallons. 
Sendout gas basis: total cu. ft., or galllns.... 


Gas Analyses—% Reformed se Reformed Sendout 


as Ww 
Cron © © WN OO 
=> pm | & & 2 dD | 
no me bet 
SOPRNOF OM 
wp cowryvowe | 














With permission, United Engineers and Constructors, Inc. 


AIR-PROPANE RATIOS vs CALORIFIC VALUE 
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INTERCHANGEABILITY 


Interchangeability of gases is the use of a substitute gas 
for the gas usually distributed for domestic and industrial 
consumption without interfering with the operation of ap- 
pliances used by the consumer. 

The subject is complicated by many factors such as heat- 
ing value, specific gravity, and composition of the various 
gases under consideration. 

The present supply of natural gas has resulted in the dis- 
tribution in many cities of gases of rather high heating 
values; in many cases, of straight natural gas having a heat- 
ing value in excess of 1000 Btu per cubic foot. 

The American Gas Association has found that none of 
tue formulae developed earlier for the interchangeability of 
mixed gases of lower heating value were applicable to the 
interchangeability of the higher heating value gases. New 
equations, which would take into consideration all factors 
affecting interchangeability, have been developed. 


Interchangeability Factors 

The interchangeability of higher heating-value gases is 
considered from three distinct viewpoints — the tendency 
of high heating value supplemental gases to — 

1. Lift 

2. Flashback 

3. Produce yellow tips 


The index of lifting interchangeability, I,, is the result ob- 
tained from calculation of the lifting interchangeability equa- 
tion: 


K.,, 


(Klos f, 
a i f, 








a, 
a 


f. 


Type of Natural Gas Distributed 

The American Gas Association assumes that one of the 
three types of natural gas presented below would be the gas 
normally distributed. 








High 
btu 
nat. gas 


High 
methane 
nat. gas nat. gas 


0.0% 0.5% 


High 
inert 





Carbon dioxide - 
ee 
Propane 

Nitrogen 

B.t.u. per cu. ft.... 





* Inerts. 








For any proposed adjustment, or substitute gas, all three 
indices must fall within certain numerical limits, which are 
shown in an accompanying table. 





High-inert 
nat. gas 


Objec- 
tionable 


Above 





High-heating 
value nat. gas 


Objec- 
tionable able 


High-methane 
nat. gas 


Objec- 
tionable 


Above 


Inter- 
change- 
ability Perfer- 


index able 
IL Under Above Under 
ae fae F 
IF J Above U 
.18 ie Re 
Iy f Under | 
: 0.7 





Perfer- 
able 


Under 
141.6 
Under 
1.18 
Above 
1.0 


Perfer- 
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OF VARIOUS GASES 


AGA “index C’’ Method 

The American Gas Association “Index C” is a criteria de- 
veloped for the interchangeability of gases with heating values 
below 700 Btu per cubic foot. If the supplemental gas has a 
“C” index in the range 0.85 to 1.15, it is considered that it 
could replace the base gas and maintain satisfactory appliance 
performance. 

An empirical expression, I,, denotes the .tendency of 
burners to flashback as a result of interchanging a supplemen- 
tal gas for natural gas. 


h, 
=” 1 1000 
K, f, 





Ip = 


Equation for ly takes into consideration changes in pri- 
mary-air injection and yellow-tip limit resulting from sub- 
stitution of one gas for another. 





a 


Values for Equation Characters 


In order to obtain values for the characters in these three 
equations, certain other equations must be employed, as 
follows: 


Air theoretically required for complete combustion, 


100 A, 


per 100 Btu a, = h 


a 


1000\/ d, 
h, 
F, 
d, 
100 T, 
A, + 7E, — 26.3 0,, 





Primary air factor f, = 


Lifting limit constant K, = 





Yellow-tip limit Y, = 


The nomenclature for the above equations follows— 


A = air theoretically required for complete combustion. 
cubic feet per foot of gas 

= air theoretically required for complete combustion. 

cubic feet per 100 Btu of gas 

specific gravity (air = 1.0) 

total inerts in gas mixture, decimal volume 

lifting constant 

primary-air factor 

gross heating value, Btu per cubic foot 

index of flashback interchangeability 

index of lifting interchangeability 

index of yellow-tip interchangeability 

lifting-limit constant 

oxygen in gas mixture, decimal volume 

yellow-tip constant, cubic feet of air required to elimi- 

nate yellow tips per cubic foot of gas 

Y = yellow-tip limit, per cent primary air 

Subscript a = adjustment gas 

Subscript s = substitute (or supplemental) gas. 

The equation is— . 

h, A, d, 

V5 *” h, A, d, 


> 


ee ee 


yO nAT Sos. Nia 


+ (K, _—" K,) 


where, 
C = index of interchangeability 
a =subscript denoting adjustment gas 
s = subscript denoting substitute gas 





h = gross heating value, Btu per cubic foot 


air theoretically required for complete combustion, 
cubic feet per cubic foot of gas 


= specific gravity of gas (air = 1.0) 

ess ee hich 

= 5000 EF’ 2 whic 

= the heat capacity of the theoretical products of com- 
bustion (from one cubic foot of gas) per degree F 
between 60 F and 1600 F, in Btu E is equal to 0.029 
VCO, + 0.0023 VH,O + 0.0189 VN, where V is the 
volume in cubic feet of each product (as indicated by 
the subscripts) formed by the combustion of one cu- 
bic foot of gas with the air theoretically required for 
complete combustion. The values 0.029, 0.023 and 
0.0189 are, respectively, the heat capacities per de- 
gree F of CO,, H,O, and N,, between 60 F and 1600 
F in Btu per cubic foot. 


Summation of the products of the mole fractions and 
some constant for each combustible constituent in 
the gas. 


Disadvantages of ‘‘index C’’ Equation 


Several disadvantages are cited against the use of “Index 
C” in some cases. 


1. It does not apply for mixtures in which the percentage 
of inerts exceeds the free-hydrogen content. 


2. It is not generally applicable for mixtures involving ad- 
justment and substitute gases of widely differing heating value 
or chemical composition unless the fraction of such radically 
differing gas in the substitute mixture does not exceed about 
12 per cent. Thus the formula does not hold for such sub- 
stitute mixtures as propane or butane and air, of natural 
gas inert mixtures, etc. 

3. The formula does not usually apply in cases involving 
the use of large amounts of oil gases as substitutes for 
natural gas. 

4. It is not fully applicable for gases of heating values 
higher than 800 Btu per cubic feet since the equation has no 
factors which predict the occurrence of yellow tips or lifting. 


In 1946, the American Gas Association started a new series 
of tests on the interchangeability of gases of relatively low 
heating-value. 


Knoy Formula 

Several simple formulas have been proposed for use in de- 
termining the interchangeability of gases. The most well 
known is the Knoy formula, which is as follows: 
H — 175 

VY G 


C = a constant 
H = heating value of gas, Btu per cubic foot 
G = specific gravity of gas (air = 1) 
175 = the heating value in Btu per cubic foot of the pri- 
mary air-gas mixture which is assumed to be the 
proper adjustment for domestic burners. 


The theory of this formula is that gases which have the 
same “C” factor are interchangeable. Actually the normal 
flexibility of most domestic-appliance burners allows some 
variation in the “C” factor. This deviation will not usually ex- 
ceed 10 per cent up or down from the “C” factor of the ad- 
justment gas. “C” factor for substitute gases which are above 
that of the adjustment gas indicate softer types- of flames, 
while harder flames are indicated if the “C” factor is found 
to be below that for the adjustment gas. 


104 


It has been stated that the results obtained by the use of 
the Knoy formula may be misleading if the chemical com- 
position of the substitute gas does not correspond to that of 
the adjustment gas, and as a rule, limit mixtures defined by 
means of AGA Index C are considered to be more reliable 
than those indicated by the Knoy formula. 


New Test Burners Devised 

Many test burners have been devised to assist in evaluat- 
ing the interchangeability of gases by observation of flame 
characteristics. At the present time there is no available in- 
strument which can be applied in all cases to evaluate the gas 
quality. In approaching a problem involving interchange- 
ability of gas, it is desirable to make calculations first, using 
the interchangeability equations and then burn the prepared 
mixtures in appliances having burners characteristic of those 
used in the community to be certain that the substitute gases 
will actually burn satisfactorily. 

It is desirable that gas companies keep a control burner at 
the inlet and outlet of their gas-storage holders in order that 
they may, at all times, have a knowledge of the burning 
characteristics of the gas being produced and sent out. 


Oil Gas Not Complete Replacement 

It can be stated that high Btu oil gas, as now known, cannot 
be used as complete replacement for natural gas. However, 
some 30 to 60 per cent of these high Btu oil gases can be used 
in admixture with natural gas without excessive complaints 
from the consumers of the gas. 

It must be pointed out that in some cases substitute gases 
appear to be entirely satisfactory from the standpoint of vis- 
ual flame characteristics, but the products of combustion may 
contain dangerous quantities of carbon monoxide. 


KNOY’S FORMULA FOR SUBSTITUTE 
GAS CALCULATIONS 
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AVERAGE PROPERTIES OF LIQUEFIED PETROLEUM GAS PRODUCTS 





Commercial Industrial Commercial 
propane propane butane 





Vapor pressure lbs./sq. in. gauge 
at 70°F 122 
at 100° F ; , 190 
at 105° F oe 204 
at 130° F i eee 282 








Specific gravity of liquid (60°/60° F.).. Ms : 0.511 
Initial boiling point at 14.7 Ibs./sq. in. abs., °F... Pees Be —651 
Weight per gallon of liquid at 60° F., lbs 4.26 








Dew point at 14.7 lbs./sq. in. abs., °F.... —45 
Specific heat of liquid, btu/Ib./°F. at 60° F....... 0.587 
Cu. ft. of gas at 60° F., 30” hg. per gallon of liquid at 60° F...... : 36.18 








Specific volume of gas, cu. ft./lb. at 60° F., 30” hg. i, 8.50 
Specific heat of gas, btu/Ib./°F. at 60° F. (Cp)..... 0.401 
Specific gravity of gas (Air=1) at 60° F., 30” hg oy! 1.52 1.53 








Ignition temperature in air, °F........ ' 920-1020 920-1020 
Maximum flame temperature in air, °F... ac 3595 3600 
Per cent gas in air for maximum flame temperature, %.......... 4.2-4.5 4.2-4.4 








Maximum rate of flame propagation in 25 mm. tube: 
Cms. per second 
Inches per second 











Limits of inflammability in air, gas per cent in gas-air mixture: 
At lower limit, % . 
At maximum rate of flame propagation, % 
At upper limit, % 








Required for complete combustion: 
NOt PUJOs/OUS ThMAS.. 06. os 
Ci tt. air /Cl. tt. aS... 
ea 
RUM COEE/ UD. BR... 6 ek seis od as 








Products of complete combustion: 
Ou. tt. ©O./en. ft. gas... 0.5.5... 


© 


Cu. ft. No/cu. ft. gas 

ee AS ee vee 
Ae SO! 

i SUS a 
Ultimate COo, % by volume 


SE lS ees ee 
— CO ore =I 








Latent heat of vaporization at boiling point: 
Btu per pound 
Btu per gallon 








Total heating values (after vaporization): 
Btu per cubic foot a ae 2522 
Btu per pound sa, Seas 21560 
Btu per gallon Ree 91500 





Phillips Petroleum Company, with permission. 
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SPECIFICATIONS AND TEST METHODS NGAA LIQUEFIED PETROLEUM GAS 


The following specifications and test methods for liquefied 
petroleum gases were adopted as Tentative Standards by the Nat- 
ural Gasoline Association of America, effective Septemberl, 1940. 


Commercial Propane 


Definition. Commercial Propane shall be a hydrocarbon 
product composed predominantly of propane and/or pro- 
pylene and shall be free from harmful quantities of deleter- 
ious substances. 


Composition. The composition of Commercial Propane 
shall be at least 95 per cent propane and/or propylene by 
liquid volume as determined by the combined results of the 
Vapor Pressure and Mercury Freezing Tests. 


Mercury Freezing Test. The residue as determined by 
means of the Mercury Freezing Test shall not be more than 
two per cent by volume. 


Vapor Pressure. The vapor pressure at 105° F., as de- 
termined by the Liquefied Petroleum Gas Vapor Pressure 
Method shall not be in excess of 225 pounds per square inch 
gage pressure. 


Sulphur Content. The product shall be free of hydrogen 
sulphide and shall not contain mercaptans, or sulphur com- 
pounds, of corrosive nature. The unstenched product shall 
not contain total sulphur in excess of fifteen (15) grams per 
hundred (100) cubic feet of vapor as determined by the test 
for Total Sulphur in Liquefied Petroleum Gases. 


Water Content. The product shall satisfactorily pass the 
standard Cobalt Bromide Test. 


Odorization. A sufficient quantity of an odorizing agent 
of such character as to indicate positively the presence of gas 
down to concentrations in air of not over one-fifth the lower 
‘umit of flammability by a distinctive odor shall be added by 
the manufacturer; provided, however, that odorization is not 
required if harmful in the use or further processing of the 
liquefied petroleum gas, or if odorization will serve no useful 


purpose as a warning agent in such use or further processing. 
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Commercial Butane 


Definition. Commercial Butane shall be a hydrocarbon 
product composed predominantly of butane and/or butylenes 
and shall be free from harmful quantities of deleterious sub- 
stances. 


Vapor Pressure. The vapor pressure at 105° F. as deter- 
mined by the Liquefied Petroleum Gas Vapor Pressure 
Method, shall not be in excess of 75 pounds per square inch 
by gage pressure. 


95 Per Cent Boiling Point. The quantity evaporated at a 
temperature of 34° F., corrected to a barometric pressure of 
740 mm. Hg., shall be 95% or more by volume, as de- 
termined by the Open Cylinder Weathering Test. 


Sulphur Content. Same as for Commercial Propane. 


Water Content. The product shall be free of mechanically 
entrained water. 


Odorization. Same as for Commercial Propane. 


Butane-Propane Mixtures 


Definition. Butane-Propane mixtures shall be hydrocarbon 
products composed predominantly of mixtures of butanes 
and/or butylenes with propane and/or propylene and shall 
be free from harmful quantities of deleterious substances. 


Vapor Pressure. Same as for Commercial Propane. 


Product Designation. Butane-Propane mixtures shall be 
designated by the vapor pressure at 100° F. in pounds per 
square inch gage. To comply with the designation the vapor 
pressure of mixtures shall be within +0 Ibs. —5 Ibs. of the 
vapor pressure specified. For example, a product specified as 
95 lbs. LP-G shall have a vapor pressure of at least 90 Ibs. 
but not exceeding 95 Ibs. 


95 Per Cent Boiling Point. Same as for Commercial Butane. 
Sulphur Content. Same as for Commercial Propane. 
Water Content. Same as for Commercial Butane. 


Odorization. Same as for Commercial Propane. 





VAPORIZATION OF LIQUID IN PROPANE TANKS 


Many times the question arises, espe- 
cially on peak shaving installations us- 
ing propane: Is it necessary to turn on 
the vaporizers? 

For comparatively short-time peak 
shaving it is possible to obtain suffi- 
cient vapor from the storage tank it- 
self without passing liquid propane 
through the vaporizer. 

It is a well-known fact that the vapor 
pressure of a gas bears a direct rela- 
tionship to the temperature and that 
the latent heat of vaporization is the 
amount of heat required to convert a 
liquid to a gas (also known as boiling 
point) at given pressure and tempera- 
ture conditions; and further: 

“The rate of heat transfer has been 
set at 2 Btu per hour per degrees tem- 
perature differential per sq. ft. of tank 
area in contact with the liquid.” 

Knowing these basic gas laws, we 
can evolve a formula to determine the 
amount of liquid propane vaporized in 
a standard storage tank in one hour. — 


2 Btux (T,—T,) xX wetted area in sq ft 
LH per gal 
= Gal/hr 
T, = Outside air temperature in de- 
grees F 
T, = Ultimate temperature in de- 
grees F of propane liquid at 
minimum required pressure 
condition 
LH: per gal = Latent Heat of vapori- 





zation (in Btu’s) to vaporize one 


gallon of propane at T, 


As an example, let us assume that 
a 30,000 (wc) tank is half full of pro- 
pane (wetted area = 1014 sq. ft.) and 
the outside air temperature is 80 F and 
the required vapor pressure can be as 
low as 10 psi gauge. How many gallons 
per hour is available due to the vapori- 
zation of liquid in storage tank? 

Referring to standard table of ther- 
modynamic properties of propane; 
temperature at 10 psi ga is —20 F; and 
the latent heat of vaporization is 750 
Btu per gal. 
From the above formula — 


2 Btu x (80°F— (20°F) x 1014 sq ft 
750 Btu per gal 
= 271 gal 


With the above conditions, we there- 
fore can vaporize 271 gallons per hour 
without recourse to a vaporizer. 

If this draw is maintained over a 
long period of time on a humid day, the 
surface of the tank in contact with the 
‘liquid will become frosted due to the 
refrigeration action of the liquid vapor- 
ized and the effective temperature 
differential will be substantially re- 





Art E. Wastie, chief engineer, H. Emerson Thomas 
and Associates, Westfield, N. J. 
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Vaporization in 30,000 gallon tank, % full—662 sq ft. 
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Vaporization in 30,000 gallon tank, % full—1365 sq ft. 


duced. But in this discussion we are 
considering only comparatively short 
usages so as to obtain maximum vapor- 
ization. 

Using the basic formula, graphs 
have been plotted which give avail- 
able gallons per hour vaporized at 
various outside temperatures and pres- 


sure requirements of vapor and ai 
varying filling heights in a 30,000 gal- 
lon (wc) tank containing commercial 
grade propane. 

Referring to the graphs it is possible 
to decide when the vaporizer equip- 
ment will be required to obtain the 
necessary gas load. 
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CALCULATING EXPLOSIVE LIMITS Where P,, P, and P, are the proportions of each combus- 


OF GAS MIXTURES IN AIR tible gas present in the original mixture, free from air and in- 
ert gases so that 
Coward and his co-workers have arranged the Le Chatelier P,+P,+P,+— = 100 
formula in the following form for calculating the limits in air and N,, N,, N, are the limits in air for each gas separately, no 
of any mixture of combustible gases to which it is applicable: _inest gases being psesent. 








EXPLOSIVE LIMITS OF SELECTED INDUSTRIAL GASES IN AIR 








Heating 
value Composition— % by Volume Explosive 


B.t.u./ - _- — - Limits 
Kind of Gas Cu. Ft. CO ' ] Lower 





Q 
2 





~ | 
~~ 


310 
308 
509 
538 
541 
549 


39. 
45. 
36. 
32. 
26. 
9. 
8. 
6.: 
i. 


4.6 
10. 
22. 
21. 
27. 
26. 


—- OO, WwW 


~ 
oan 


Coke oven... 631 
540 
547 
“hiized’...... 540 
540 
540 
Producer..... 136 
118 


CHonDAwWmM He: 


ONAOOH HK ONwW 


-1O- & 

i) 
DWHrOCOCN SO = 
eo oe Oo 

1D WO 


— 


PNK DaAWeRDARNIOCAON 
COMMNWRWWWNOMNIOO 
SDOHANOROSHNUNNWOO]O 
CoOoOKOoOnHrcoHreocoooScCSO 
SOMWHNN DW RN RP A~I51 Ww ww 
De oOnwWToHawoooneHeo 


CIOWWNNNRK KNOW RPK DD 


DD 


Natural..... 





S$. S$. Tomkins. 











GAS IGNITION TEMPERATURES AND SAFE END-POINTS IN PURGING OPERATIONS 
EXPLOSIVE LIMITS IN AIR INVOLVING VARIOUS COMBUSTIBLE 
Explosive limite | AND INERT GASES 














Ignition | Lower limit Upper limit ; 
temperature percent by per cent by Safe end point—per cent by 
°F 


Gas or vapor volume volume volume 


Purging Purging from 

from gas to air 

air to gas maximum 

maximum permissible 

permissible combustible 

oxygen gas 

content of content of 

Combustible gas atmosphere atmosphere 
or vapor Inert gas in container in container 





Carbon monoxide 1204 12.5 74. 
Hydrogen 1085 4.1 74. 


999 
950 
Propane 871 
n-Butane 
iso-Butane 





Mixed gas......... Nitrogen. 
Carburetted blue gas... Nitrogen. 
ae : Nitrogen . 
Benzol vapor............ Nitrogen. ..... 
Hydrogen.......... Carbon dioxide. .. 
OS Sa 
| Carbon monoxide......... Carbon dioxide...... 
Nitrogen. .. ve 
Methane. ... sinks Carbon dioxide........ 
eS eae 
Ethane....... : Carbon dioxide... . 
Nitrogen........ 
Acetylene 581* 2: 3 Cotes dioxide 
Naphthalene 1038 0.¢ rp ig 
6 
4. 


— at et et HD OT 
DMM nwwo NO 


Hexane 


Ethylene 
Propylene 


Nb 
— aD 


mS SS om. 


1026 
900 


o woo 
~~ 


S 


2S ae 25 y= 


Carbon dioxide... 
Nitrogen. ...... 
Carbon dioxide... ... 
Nitrogen. .. 


1204 
Hydrogen sulphide 500 


oo 


& 
or 
wo are Be WAI OS Am IO 





National Fire Protection Association excerpt from Bureau of Mines Report of S. S. Tomkins. 
Investigations 3567. 
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RAPID SURVEY METHOD OF GAS REQUIREMENTS AND COSTS 


In many of its phases, the selling of gas heat is very much 
like other specialty selling where the cost of the item or of 
the service to be furnished depends on the particular condi- 
tions surrounding the individual prospect. 

The estimate of annual operating cost for one prospect may 
figure only $50.00, whereas that for another would be 
$500.00. When the one in the $500.00 class first makes in- 
quiry about gas heat, his interest may be based on thinking 
in terms of $50.00. Likewise, the one who is in the $50.00 
class may not have exhibited any interest, because he was 
thinking in terms of $500.00. 

A, method, therefore, whereby the salesman in the field 
can figure the estimate with reasonable accuracy and in just 
a few minutes time, is of great assistance in qualifying pros- 
pects. Such a method can be made sufficiently accurate to 
justify the salesman in attempting to close the order on the 
basis of the rapid survey method. If successful, then before 
the installation is made, his engineering department, if it so 
desires, can make a more elaborate survey and estimate. This 
can be done as if it is merely a part of the usual installation 
routine, so that the customer’s confidence in the salesman is 
not affected in any way. Should this detailed survey show any 
glaring discrepancies, the matter can be taken up with the 
customer in advance of installation, so that no one will be 
unfavorably affected. 

To show how such a rapid survey can be developed, the 
starting point is the formula used by heating engineers in fig- 
uring the seasonal operating cost to take care of any given 
area of wall, ceiling or floor. 


FORMULA 
(Heat loss in Btu per Hour) 
Area x Heat Transfer x Temp. x Hrs. x Degree x Gas Rate in Cts. 
Coefficient Rise Heated Days Per M Cu Ft 





Temperature x Btu Heat x Efficiency x 1000 x 100 


Rise Content 
= Season’s Operating Cost in Dollars for that Area 


While there are many factors in the long formula, exami- 
nation will show that for any certain type of construction 
practically all of them are constant for any given territory. 
The coefficient of any certain material is always the same — 
the temperature rise is nearly always figured at 70 degrees — 
‘the temperature differential between basement and hour inter- 
ior 20 degrees — and between interior and attic 35 degrees — 
the number of hours per day is always 24 — the number of 
degree days for any given territory is regarded as a constant 
— the gas rate and the Btu content are constant for a terri- 
tory. While the efficiency factor may vary slightly with differ- 
ent types of equipment, an average efficiency of 75 per cent 
can be used for reasonably accurate results. This means that 
all of the factors in that long formula can be condensed for 
any territory into one single factor for each type of con- 
struction. Then it is simply a case of multiplying the given 
area by one factor instead of working out the entire formula 
shown above. 

Another point of simplification is to measure the house as 
2 whole rather than to measure the individual rooms. It is 
simple for the salesman to compute the volume by measur- 
ing the width, height, and depth of the house. Naturally, if 
the prospect states that certain rooms have not been heating 
satisfactorily with the old furnace equipment, then individual 
rooms should be measured and duct work or radiation 
checked. Just as in the case of figuring the heat loss through 


With permission, from Surface Combustion Corp. 
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the walls, ceiling, or floor, the volume can be multiplied by a 
single constant to determine the seasonal operating cost for 
offsetting loss by infiltration. 

With the above thought in mind, a single factor, which for 
purposes of clarity in explaining is called factor “F”, has 
been worked out for the most commonly encountered types 
of construction. To convert this factor “F” into the correct 
constant for any territory, it is only necessary to multiply it 
by a certain multiplier, designated as “M,” with “M” being 
determined as follows: 


M = Local Degree Days x Average Local Heating Rate in 
Cents per M/Cu Ft 
Btu Content of Local Gas 





or 


M = Local Degree Days x Rate per Therm in Cents 
100,000 





The following table gives the factor “F” for the most un- 
usual types of building constructions. Figure local multiplier, 
“M,” as outlined above, multiply M by F and then it is pos- 
sible to fill in this table with the local constant which will be 
used in figuring the seasonal operating cost to offset the heat 
loss through any given area of wall, ceiling, or floor. 





Final 
constant 


Factor 
ba , 


FMRC REI 6. hs. J..0. 00 05)8 are ube mie 0.000352 
OS SS eee rs oe 0.000143 


Walls: 
8” Brick, sheathing, stud, L&P. 
Stucco, wood, and plaster 
Stone, tile, furred, L&P 
Clapboards, studding, L&P.... 


Floors: 
Wood floor. No. ceiling below. . 
Double floor. L&P below 


Ceilings: 
Plaster board and plaster... ... 
Rigid insulation and plaster... . 


Roofs: 
Tile or slate on wood 
Shingles, sheathing, stud, L&P. 


Multiplier 


Type of Material a _ 





0.000085 


Volume: 
To offset air infiltration: 
One air change per hour 
One and one-half air changes. . 
Two air changes per hour... . 





Note: For any wall construction not listed above which may be found to be 
common in the locality, the factor ‘“‘F’”’ may be obtained by: 
Coefficient of Transmission X< 0.00032 = F 


After the above final constants for the territory have been 
worked out, it is recommended that they be printed on a 
survey card arranged along the lines of the one reproduced 
here. The reverse side of the card can carry the usual gen- 
eral information as to the prospect’s name and address, date 
of survey, and the like. 
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SUGGESTED FORM FOR RAPID SURVEY 
METHOD 


Operating 
cost per 
season 


Local 


Material factor 





Glass: Single 

Gises: Double, ........... 
Walls (net): 8” brick sa 
Stucco, tile and plaster....... 
Stone, tile, furred, L&P 
Clapboards, studding, L&P... 


Floors: Wood floor, no ceil. below... 
Double floor: L&P below joists. . 


Volume 
Infiltration: 1 air change per hr. 
11% air changes per hr......... 
2 air changes per hr... . 


Total operating cost per season 


If Btu heat loss per hour is desired, 
use formula = 218,750 « Season’s Cost 
M 


HEAT DELIVERY OF SPACE HEATING 
EQUIPMENT 
STEAM: | sq ft cast iron radiation = 240 Btu/hr (2 Lb 
steam 70 F room temp) 


Hot Water: | sq ft cast iron radiation = 150 Btu/hr 70 F 
room temp 


ForceD Hot Water: | sq ft cast iron radiation = 200 
Btu/hr (70 F room temp) 


GRAVITY WARM AIR: 1 sq in. of basement duct (175 F 
register temp) 


= 110 Btu/hr on first floor 
= 166 Btu/hr on second floor 
= 200 Btu/hr on third floor 


FORCED WarM Arr: The following formula gives the heat 
delivered at the register of a forced warm air heating 
system. 


H=Ax V x 60x WxS x (tg—t,) 


Symbols: 

H = Heat delivered in Btu per hour. 

A = Net area of discharge register in sq ft. 

V = Velocity of air leaving register in ft per minute. 


W = Weight of air at temperature t, in pounds per cubic 
foot. 


S = Specific heat of air in Btu per pound per degree F at 
temperature ty. 


t,; = Temperature in degrees F of air leaving register. 
t., = Temperature in degrees F of space being heated. 


With permission, ‘‘Surface Combustion Industrial Heating Handbook.’ 
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Final constant for wall area 


EXAMPLE 
CONDITIONS 


Assume the following conditions for the computation of the 


seasonal operating cost in a home: 


Two and one-half story residence 

Walls: 8” brick, lath and plaster inside over sheathing 
Ceilings second floor: Plaster board and plaste- 

No flooring in attic 

Floors: Frame construction, single th cknes, 

Single glass windows 

Air changes per hour: | 


Gross wall area: 
First floor, 1300 sq ft 
Second floor, 1150 sq ft 


Glass area: 
Windows and doors 
First floor, 190 sq ft 
Second floor, 130 sq ft 


Area second floor ceiling: 1010 sq ft 
Area first floor: 1010 sq ft 


Cubical contents: 
First floor, 9100 cu ft 
Second floor, 8709 cu ft 
Degree days 6000 
Gas rate 40c/M cu ft 
Btu content 530 


PRELIMINARY 


M = 6000 x 40 = 453 
P 530 


Final constant for glass area 000352 


.000085 


Final constant for floor area .000042 x 


Final constant for ceiling area 000098 x 


Final constant for infiltration .000005S8 x 


SOLUTION 


320 square feet glass area 
2,130 square feet wall area 82.00 


1,010 square feet floor area 19.19 
1,010 square feet ceiling area 44.44 


17,800 cubic feet infiltration 46.28 


$242.79 
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LOWEST RECORDED TEMPERATURES AND ANNUAL DEGREE DAYS FOR CITIES 
OF UNITED STATES AND CANADA' 


DEGREE Day is a term used to express the intensity of the 
heating season. It is the difference between 65° F. and the 
daily mean temperature. The sum of these differences for 
every day of the heating season is the total degree days for 


City City 


Alabama illinois 
Anniston Chicago 
Gadsden Joliet 
Montgomery Springfield 
Tuscaloosa 

’ Indiana 
Arizona Evansville 
Flagstaff Fort Wayne 
Tucson Indianapolis 

South Bend, 

Arkansas 
Bergman . 
Little Rock 
Texarkana 


lowa 
Davenport 
Des Moines 
Dubuque 
California Sioux City 
Bakersfield 
Fresno 

Los Angeles 
Sacramento 
San Diego ...... 
San Francisco 


Kansas 
Emporia 
Topeka 
Wichita 


Kentucky 
Lexington 
Louisville 


Colorado 
Buena Vista 
Colorado Springs 
Denver . PS 
Pueblo .. oe 55 Louisiana 


Baton Rouge 
Connecticut New Orleans 
Hartford . 4 Shreveport 
New Haven ...... 

Maine 
Delaware Bar Harbor 
Wilmington . . —12 Portland 


District of Columbia Maryland 


Washington —15 162 Baltimore 
Frederick 


Florida 

Monticello Massachusetts 

MIN 5 5 cxsac davivascveavs Boston 
Fitchburg 


. Williamstown 
Georgia 


Atlanta . a 
Se Michigan 
a Ann Arbor 


Savannah ............... Cadillac 
Detroit 


Grand Rapids . . 


Idaho Kalamazoo 
4558 Lansing. .......... 


Springfield 7477 Sault Ste. Marie . 


1From AGA ‘‘Househeating'’’ and U. S$. Weather Bureau. 
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the year. Experience has shown that the gas heating season 
starts when the monthly mean temperature is 65° F., and 
that gas consumption for house heating is proportional to 
the drop in temperature below 65° F. 


City 
Minnesota 


Minneapolis 
Rochester 


Mississippi 
Columbia 

CE ci ciass. 
Tupelo . 
Vicksburg 


Missouri 

Grand City . 
Jefferson City ....... 
Kansas City .. 

St. Louis 


Montana 
Billings 
Butte 
Helena 


Nebraska 


Dumas .... 
Omaha 


Nevada 
Las Vegas 
Reno 


New Hampshire 
Concord 

Hanover 

Keene 


New Jersey 
Atlantic City ..... 
Dover 

Newark 

New Brunswick ..... 
Sussex 
Wren reci kiss. 


New Mexico 


Albuquerque ...... 
Santa Fe 


New York 

Albany ae 
Buffalo ...... A A 3 
Ithaca 

New York City... 
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City 


Ogdensburg 
Plattsburg 
Rochester 
Saranac Lake 
Syracuse 


North Carolina 
Asheville 
Greensboro 
Wilmington 


North Dakota 
Bismarck 
Hannah 


Ohio 
Akron 
Cincinnati 
Cleveland 
Columbus 


Oklahoma 
FAUNGO ......... 
Oklahoma City 
Tulsa vaties 


Oregon 
Portland 
Wallowa 


Pennsylvania 
Erie .. 
Gettysburg 
Philadelphia 
Pittsburgh 
Reading . 
Scranton 


Rhode Island 
Providence 


South Carolina 
Charleston 
Columbia 
Spartanburg 


Scuth Dakota 
Aberdeen ... 
Jefferson 


Tennessee 
Knoxville 
Memphis 
Nashville 


Texas 
Austin 
Dallas 

Eagle Pass 
Galveston 
San Antonio 


Utah 


Provo ire —23 
Salt Lake City —20 
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City 


Vermont 


Burlington 
Northfield 


Virginia 
Fredericksburg 
Roanoke 
Richmond 


Washington 
Seattle 
Spokane 
Walla Walla 


West Virginia 
Charleston 
Huntington 


AVERAG 


City 
Wheeling 


Wisconsin 
Green Bay 
Milwaukee 
Superior 


Wyoming 
Casper 
Cheyenne 


Canada 
Vancouver, B. C. 
Winnipeg, Man. 
Toronto, Ont. 
Montreal, Que. 
Quebec, Que. 





Station 
Ala. Mobile 

Montgomery 
Ariz. Phoenix 
Ark. Little Rock 
Calif. Fresno. . 

Los Angeles 

San Francisco 
Colo... Denver 
D.C. Washington 
Fla. Jacksonville 

Miami. 


Ga Atlanta. 
Idaho Boise. . . . 
Ill. Chicago 
Ind. Indianapolis 
Towa Des Moines 
Kans. Wichita . 

Ky. Lonisville. 
La. New Orleans 
Maine. Eastport 
Mass. Boston . 


Mich. Detroit 

Sanlt Ste. Marie 
Minn. Minneapolis 
Miss.... Vicksburg. .. 
Mo. Kansas City 

St. Louis 
Mont.. Helena 

Miles City 
Nebr.... North Platte 

Omaha. . 


Nev..... Winnemucca 
NZ. Atlantic City. 
N. Mex.. Albuquerque 
N. Y.... Albany 
New York 
Rochester. . 
N.C.... Asheville 
Raleigh . 
N. Dak.. Bismarck 
Ohio.... Cleveland 
Okla. Oklahoma City 


Oreg.... Portland. . 
Pa. . Harrisburg. . 
Pittsburgh 


§.C..... Charleston........ 


S. Dak Huron. ..... 

Tenn.... Nashville.. 

Tex..... Amarillo.... 
E] Paso. ... 
Fort Worth 
Houston 


Utah.... Salt Lake City> 
Vt...... Burlington.. 
Va. 
Richmond. ... 
Wash.... Seattle..... 
Spokane..... 


W. Va... Parkersburg. . . ds 


Wis..... Madison... . 
Wyo.... Cheyenne.... 


| Length | 
of 

recerd | 

(yrs.) | Jan. 


| 
| | 
| | 
| 











E RELATIVE HUMIDITY 





Feb. | Mar.) Apr. | June | July .| Oct. 


70 
64 
38 
65 
49 
61 
70 
46 
71 
74 
67 


51 
67 























75 | 


Noy. 


66 


43 | 
66 | 
61 | 
51 | 


69 
48 


66 


74 | 


71 


67 
62 
70 
69 
73 
64 
67 
79 


75 | 
70 | 





c. | nual 








**Statistical Abstract of the United States.** 


U. S. Department of Commerce. 





REQUIRED WATER HEATER CAPACITIES 


Capacity of Hot Water Equipment Needed to Supply Fixtures in Various Types of Buildings 
Gallons Per Maximum Hour 





Apt. Gymna- Hos- Indst. Laun- Office Public Private Y.WALA. 
Hotel plant dry bldg. bath house School Y.M.C.A. 


3 3 3 3 3 3 3 

10 10 10 15 10 15 

30 15 15 30 Me a 
¢ 30 





Fixture house Club sium pital 





Wash basin (private) 
Wash basin (public) 
Bath tub 
Dish washer 
Foot basin 
Kitchen sink ” i y 
Laundry tub (stationary) 38 3: 3! i, 45 ces 45 
Laundry tub (revolving) : af 100 i 100 
Pantry sink - 10 pt m 
: 300 ee ae 300 

Slop sink 2 20 30 20 mr 20 20 
Dish washer 250 gallons per hour for each 500 people 
% of total water likely be 

drawn in one hour 2 ‘ 10 30 70 80 15 80 


2. 
Com 


20 


ror WOror ord 


In = 





Buenger, A. Journ. A.S.H. & V. E. 


APPROXIMATE FUEL CONSUMPTIONS FOR WATER HEATING 





Fuel Consumption per Month, 
(based on a daily draw of 
Typical Overall 50 gallons, or 1500 gallons of 
Fuel Btu in Unit as Sold efficiency hot water monthly) 








Gas: 
Manufactured 530 Btu per cubic foot 68-61% 2690-2940 cubic feet 
1100 Btu per cubic foot 68-61% 1350-1475 cubic feet 
NN i 5 hai Ses Ala bw Varies with mixture 68-61% Consult local compnay 
Electricity sr 3412 Btu per Kwh 86-74G 340-390 Kwh 


Oil: 


Summer 138,000 Btu per gallon 20—- 8% 36-87 gallons 
BRE St fe oe a a tees 138,000 Btu per gallon 45-20% 16-34 gallons 


Kerosene eee 136,000 Btu per gallon 40-25% 18-28 gallons 


Coal: 
Indirect heater 12,000 Btu per pound 27-24% 305-350 pounds 
Furnace coil 12,000 Btu per pound 28-24% 302-348 pounds 
Pot stove 12,000 Btu per pound 17-13% 504-656 pounds 





CAPACITY OF PIPE MULTIPLIERS 


Cubic feet of gas per hour 0.3” pressure drop; 0.6 spec. gr. To convert gas flow at 0.6 spec. grav. to flow at another gravity 





Length Diameter of pipe | Specific gravity Multiplier 
of inches 
0.547 


pipe a 
(ft.) 14% 1% 2 : 0.633 
654 


750 1,220 2,480 6,500 13, 
535 850 1.780 4.700 9.700 680 
435 700 1,475 900 7.900 707 
380 610 1.290 3.450 6.800 740 
345 545 1.120 3,000 6,000 Poti 
310 490 1.000 2.700 5,500 405 
285 920 2.450 5,100 817 
270 860 300 4.800 866 
242 780 2,090 350 996 
225 720 1.950 4.000 pond 
095 
225 





bo 
oO 





_ 





ae 





NWDOOHNwWHhRE 


for) 


205 ‘ 660 ,780 3,700 
190 é 620 ,680 3,490 
178 580 ,980 3,250 
170 545 ,490 3,000 


oooooorrrr- 
—mmoeoedcedcdsso 


— it et eet et DO DOD DO DO Co Co Go 
de 





With permission, ‘‘Water Heater Manual.'' Copyright 1953, American Gas Association. 
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COMPARISON OF GAS AND ELECTRICITY IN COMMERCIAL COOKING 


The opportunity was provided for making a study by the 
replacement of the commercial cooking equipment in Al- 
fonso’s Restaurant in Washington, D. C., where a careful 
record was kept of operating conditions, meals served and 
utility consumptions. As a result, replacement factors for 
gas and electricity in a typical commercial cooking estab- 
lishment were obtained, that were based on long periods of 
practical operation under identical conditions. 


RESULTS OF STUDY 
New Gas Equipment Versus New Electric Equipment 


Electricity used for cooking during the months, October, 
1946 — through July, 1947: 116,190 kwh. 

Gas used for cooking during the ten months from Octo- 
ber, 1947, through July, 1948, totaled 5,434 therms. 

Electric cooking equipment having a rating of 82.8 kw 
added 45.15 kw to the maximum demand, which amounted 
to 54 per cent of the connected load. 

When electricity was used for cooking, average monthly 
consumption: 

Cooking only 11,619 kwh 


3,601 kwh 
15,220 kwh 


Maximum electric billing demand (Connected cooking load 
of kitchen 82.8 kw) 


Cooking only . 


Lights and other uses . 


Total for all purposes . 


45.15 kw 
14.75 kw 


59.90 kw 


Lights and other uses . 


Total demand . 


When gas was used for cooking: 
Average monthly for cook- 
ing . 543 therms 


Average monthly consumption of electricity for lights and 
other uses 3601 kwh 


Maximum electric billing demand for lights and other 
uses . 14.75 kw 


The data obtained in this study furnish authentic re- 
placement factors indicating the relative consumptions of 
gas and electricity for commercial kitchen operation, typi- 
fied by Alfonso’s Restaurant: 


consumption of gas 


1000 cu. ft. are 
equivalent to this 
this many kwh 


1 kwh is equivalent 
to this many 
cubic feet 


Heating value 
of gas Btu 


525 
540 
850 
1 ,000 
1,100 
2,500 





112.1 8.90 
115. 8.65 
181.4 5.50 
213. 4.68 
235. 2D 
534.0 87 





1.371 Btu of gas are equivalent to 1 Btu of electricity a 
-0468 therms of gas are equivalent to | kwh of electricity 
1 therm of gas is equivalent to 21.4 kwh of electricity 





These factors are based upon actual amounts of gas and 
electricity used for cooking purposes without correction for 
the difference in the number of meals served, although this 
results in a slight benefit to electricity. Actually, 1 per cent 
more meals were cooked with gas. 


**A Comparison of Gas and Electric Usage for Commercial Cooking,'’ 
Gas Association. 


American 





RELATIVE COST OF GAS AND ELECTRIC COOKING 


The conclusions reached by the American Gas Associa- 
tion in their Bulletin No. 6 are as follows: 


Energy 


Item Scope of Test Ratio 





1.532 
2,624 
2.077 
1.799 
1.754 


Top burner performance . 
Oven performance ‘ 
Week’s menu (upper income) . 
Week’s menu (limited income) . 
Foor for Infant . 


Accepting an energy ratio of 1.9 the following formula 
will facilitate calculators: 
1.9 x 3413 
Btu of Gas 


in which if 525 Btu. per cu ft of gas is being burned, then by 
substitution 


= cu ft of gas equivalent to 1 Kwh. 


1.9 x 3413 


535 = 12.35 cu ft of gas equivalent to | Kwh. 


With the foregoing as a basis, the tabulation below repre- 
sents the “break even” gas cost per Mcf for electricity at 
different costs per Kwh, fuel cost only being considered on 
a 1.9 energy ratio. 





Break-even cost per Mef. 
Btu of gas per cu. ft. 


525 


$0.81 


Cost per 
Kwh., 
cents 


500 
$0.77 


1000 1100 


$1.54 $1. 
2.31 
3.08 
3.86 
.62 
5.40 
>.16 


(.d 





fo 


mRWNNNE RS 
Om RON NS 
1D 221) 


Cre OWN N Re 
couocnowusco 
meONNNR 








COMMERCIAL COOKING AND BAKING 


In Btu per meal 


REQUIREMENTS 


served 





Electricity 








Gas Oil 





,270 
3,415 
, 140 

, 708 

, 280 
482 


Clubs, first class 
eo a ee eae 
NN eee ee er ree 
po 7 SE trer tae ra ree eee 
Hospitals 

CS I ANB Ss 0. occa eee s 





11,450 
9 200 
5,670 
4,630 
3,450 
1,300 


8,280 
6,620 
4,080 
3,340 
2,490 

935 





Steam tables, coffee urns, hot water, dish washing, etc., adds 30 to 50 per cent to the above figures. 


With permission, ‘‘Surface Combustion Industrial Heating Handbook."' 
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INDUSTRIAL HEATING OPERATIONS 


Materials, operations and approximate temperature range 





Material 


Operation 


Approx. 


Temp. 
Range (°F) 


Material 


Operation 


Approx. 
Temp. 
Range (°F) 





Aluminum alloy 
Aluminum alloy 
Aluminum alloy 
Aluminum alloy 
Aluminum 
Aluminum alloy 
Antimony 
Asphalt 


Babbitt 
Brass 

Brass 

Brass 

Brass, yellow 
Brass, red 
Bread 

Brick 


Brick, refractory 


Bronze, man. 
Bronze, phos. 


Bronze, tobin 


Cadmium 
Cake (food) 
Calcium 
Calender rolls 
Candy 

Cast iron 
Cast iron 
Cast iron 
Cement 
China 

Clay, refrac. 
Cobalt 
Coffee 

Coke 
Cookies 
Copper 
Copper 
Copper 
Copper 


Cores, sand 


Bronze, 5% alum. 


Aging 
Annealing 
Forging 

Heat treating 
Melting 

Die casting 
Melting point 
Melting 


Melting 
Annealing 
Extruding 
Forging 
Melting 
Melting 
Baking 
Burning 
Burning 
Melting 
Melting 
Melting 
Melting 


Melting point 
Baking 

Melting point 
Heating 
Cooking 
Annealing 
Malleablizing 
Vitreous enameling 
Kiln firing 
Glazing 
Burning 

Melting point 
Roasting 
By-product oven 
Baking 
Annealing 
Refining 
Melting 
Smelting 
Baking 


250-460 
450-775 
750-900 
310-1000 
1200-1400 
1250-1400 
1166 
350-450 


600-800 
600-900 
1400-1450 
1200-1400 

1705 
1830 
300-500 
1800-2600 
2500-3000 
1940 
1645 
1920 
1625 


610 
300-350 
1562 
300 
225-300 
1600-1700 
1650-1800 
1200-1300 
2800-3000 
1500-1900 
2200-2600 
2714 
600-800 
1830-2730 
375-450 
800-1200 
2100-2600 
2100-2300 
2100-2600 


250-550 





Cupronickel, 15% 
Cupronickel, 30% 


Electrotype 
Enamel 


Everdur 1010 
Frit 


Glass 

Glass 

Glass, bottle 
Glass, flat 
Gold 


Iron 
Iron, malleable 


Iron, malleable 


Japan 


Lacquer 
Lead 
Lead 
Lead 


Magnesium 
Magnesium 
Magnesium 
Magnesium 
Meat 

Mercury 
Molds, foundry 
Molybdenum 
Monel metal 
Monel metal 


Muntz metal 


Nickel 

Nickel 

Palladium 
Phosphorous, yellow 
Pie 

Pigment 


Melting 
Melting 


Melting 
Baking 
Melting 


Smelting 


Annealing 

Melting, pot furnace 
Melting, tank furnace 
Melting, tank furnace 


Melting 


Blast furnace tap. 
Melting 


Annealing 


Baking 


Drving 
Melting 
Blast furnace 


Refining 


Aging 

Heat treating 
Melting 
Superheating 
Smoking 
Melting point 
Drying 
Melting point 
Annealing 
Melting 
Melting 


Annealing 


Melting 


Melting point 
Melting point 
Baking 


Calcining 


2150 
2240 


740 
250-450 
1865 


2000-24000 


800-1200 
2300-2500 
2500-2900 
2500-3000 
1950-2150 


2500-2800 
2400-3100 
1500-1700 


300-450 


150-200 
620-750 
1650-2200 
1800-2000 


350-400 
730-760 
1250-1300 
1450-1650 
100-150 
-38 
400-750 
4757 
1100-1480 
2800 
1660 


1100-1480 
2650 
2829 

111 
500 
1600 
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INDUSTRIAL HEATING OPERATIONS 


Materials, operations and approximate temperature range 
(Continued) 





Material 


Operation 





Platinum 
Porcelain 
Potassium 
Potato chips 


Primer 


Silicon 
Silver 
Sodium 
Solder 


STEEL 


Steel, sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 
Sheet 


Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 
Steel 





Sheet, tin plate 
Sheet, tin plate 
Sheet, tin plate 


Melting 
Burning 
Melting point 
Frying 
Baking 


Melting point 
Melting 
Melting point 
Melting 


Blue annealing 
Box annealing 
Bright annealing 
Job mill heating 
Mill heating 
Open annealing 
Tin plating 
Vitreous enameling 
Box annealing 
Hot mill heating 
Lithographing 


Bessemer converter 
Calorizing 
Carburizing 

Case hardening 
Cyaniding 

Drawing forgings 
Drop forging 
Forging 
Form-bending 
Galvanizing 

Heat treating 

Lead hardening 
Melting, open hearth 
Melting, electric furn 
Normalizing 

Rolling 

Soaking pits 
Upsetting 

Welding 


Approx. 
Temp. 


Range (°F) 


3224 

2600 

145 
350-400 


2606 
1750-1900 
208 
400-600 


1400-1600 
1500-1700 
1250-1350 
2000-2100 
1800-2100 
1500-1700 
650 
1400-1650 
1200-1650 
1800-2000 
300 


2800-3000 
1700 
1500-1700 
1600-1700 
1400-1800 
850 
2200-2400 
1700-2150 
1600-1800 
800-900 
700-1800 
1400-1800 
2800-3 100 
2400-3200 
1650-1900 
2300 
1900-2100 
2000-2300 
2400-2800 





Material 


Steel bars 
Steel billets 
Steel blooms 
Steel bolts 
Steel castings 
Steel flanging 
Steel ingots 
Steel nails 
Steel pipe 
Steel rails 
Steel rivets 
Steel rod 
Steel shape 
Steel slabs 
Steel spikes 
Steel springs 
Steel wire 
Steel wire 


Steel wire 


Steel, alloy tool 
Steel, alloy tool 
Steel, alloy tool 


Steel, carbon 


Steel, carbon tool’ 


Steel, carbon 
Steel, carbon tool 
Steel, hi-carbon 
Steel, hi-speed 
Steel, hi-speed 
Steel, hi-speed 


Steel, S.A.E. 


Tin 
Type metal 
Type metal 


Type metal 


Varnish 


Vitreous enamel 


Zine 


Zine alloy 


( Jperation 


Heating 


Heating 
Heating 
Heading 
Annealing 
Heating 
Heating 
Blueing 

Butt welding 
Hot bloom reheating 
Heating 

Mill heating 
Heating 
Heating . 
Heating 
Annealing 
Annealing 
Pot annealing 


Baking 


Hardening 
Preheating 
Tempering 
Hardening 
Hardening 
Tempering 
Tempering 
Annealing 

Hardening 
Preheating 
Tempering 


Annealing 


Melting 
Stereotyping 
Linotyping 


Electrotyping 


Cooking 


Firing 


Melting 


Die dasting 


\pprox. 
Temp. 


Range (°F) 


* 1900-2200 


2250 
2250 
2200-2300 
1300-1600 
1800-2100 
2000-2200 
650 
2400-2600 
1900-2050 
2000-2200 
1900-2100 
1900-2200 
2000-2200 
2000-2200 
1500-1650 
1200-1400 
1650 
300-350 


1425-2150 
1200-1500 
325-1250 
1360-1550 
1450-1500 
300-1100 
300-550 
1400-1500 
2250-2375 
1450-1600 
1000-1150 
1400-1650 


500-650 
525-650 
550-650 
650-750 


520-600 
1400-1700 


800-900 


850 
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COMBUSTION CHARACTERISTICS OF TYPICAL GASES 


























(Caculated on dry basis) ' 

Products of { 

Cu. Ft. combustion per k 

Spe- Btu of volume of gas Uiti- Z 

Constituents of Gas—Per Cent by Volume cific per cu. ft. air per — mate é 

- > __—__-——. gray- ———— ~ cu. ft. H20 % } 

Kind of Gas COz2 Oz No CO He Ill. CHs C2He C3Hs CsHw ity gross net _—of gas CO2 vapor No CO2 F 

Natural gas, Kettleman 
Hills, California— 

Stripped casinghead. .. . 85.4 8.6 5.1 0.9 67 1183 1071 11.06 1.215 2.215 8.743 13:2 


Natural gas, Long Beach, 
Los Angeles basin, Cal- 
ifornia—stripped cas- 


MINN sin.c.cedacdecvons 0.5 ‘ 86.8 1.2 43 1.2 66 1161 1051 10.87 1.194 2.184 8.587 12.2 
Natural gas, San Joaquin 

Valley, California—dry. 0.1 1.2 98.7 56 1000 902 9.40 .987 1.974 7.442 11.7 
Natural gas, Gulf Coast 

area, Texas—Stripped... 0.2 1.0 7.7 88.8 2.3 61 941 849 8.80 .934 1.845 7.027 11.7 
Natural gas—Texas Pan- 

eae 0.1 0.1 re 82.2 6.1 2.4 1.4 67 1052 952 9.85 1.076 1.997 7.882 12.0 
Natural gas, West Virginia. 0.8 1.1 75.0 23.1 69 1174 1064 11.00 1.212 2.193 8.700 12.2 
Natural gas—casinghead, 

Unstripped............ 1.0 1.1 66.6 31.3 a4 1236 1122 11.56 1.292 2.271 9.148 12.4 

1.589 
Natural gas—sour........ ne : H2S8 6.4 58.7 16.5 9.9 8.5 91 1478 1348 13.79 SOo.064 2.589 11.094 12.5 
Coal gas (Horizontal Re- 

NES Seis pos icccasces 2.1 0.4 3.5 8.7 50.5 3.8 28.2 2.8 43 612 549 5.28 .568 1.240 4.241 11.8 
Coal gas (Horizontal Re- 

MN cern cckens 6 2.8 0.6 8.8 7.4 41.6 4.5 34.3 49 606 545 5.27 589 1.206 4.299 12.1 
Coal gas (Vertical retort).. 3.0 0.6 3.1 7.0 50.4 3.1 32.8 ; 41 587 525 5.06 527 =1.231 4.060 11.5 
By-product coke oven gas. 2.1 0.4 6.1 5.0 52.9 3.2 30.3 ; 40 565 505 4.86 476 =: 11.209 3.935 10.8 
By-product coke oven gas. 1.5 0.3 5.0 5.0 58.0 2.8 27.4 .36 544 484 4.64 429 1.192 3.741 10.3 
By-product coke oven gas. 2.5 0.8 10.1 11.1 47.6 3.4 24.5 47 513 461 4.35 490 1.044 3.871 12.1 

ti By-product coke oven gas. 2.3 1.5 12.0 7.8 46.8 4.0 24.6 1.0 48 532 478 4.51 495 1.082 Sree 12:7 
i Carburetted water gas— 

Gas oil enrichment... .. 3.3 0.7 3.8 33.4 38.1 10.7 10.0 65 563 520 4.53 799 827 3.822 17.3 
Carburetted water gas— 

Heavy oil with blow-run. 4.6 0.6 16.7 24.1 32.5 10.3 9.0 2.2 71 535 494 4.38 .740 .808 3.825 16.2 


Carburetted water gas— 


Heavy oil with blow-run. 5.8 0.6 11.5 25.0 34.4 9.2 13.5 68 527 485 4.32 737 826 3.717 *16.5 
Carburetted water gas— 

Heavy oil with reform- 

ing and blow run....... 5.3 0.6 12.8 21.9 36.5 8.3 14.6 65 515 472 4.24 684 .848 3.648 15.8 
Carburetted water gas— 

High heating value. .... 1.1 0.6 3.8 13.7 30.5 15.8 33.1 1.4 63 820 753 7.23 .986 1.404 5.754 14.6 
Uncarburetted water gas.. 6.2 0.3 3.0 39.2 49.0 2.3 55 309 281 2.31 477 536 1.852 20.5 
Butane air gas........... 17.6 66.4 16.0 1.17 544 503 4.11 640 800 3.915 14.1 
Propane air gas.......... 16.6 62.4 21.0 1.12 544 501 4.21 630 840 3.952 13.7 
Propane air gas.......... 14.5 54.6 30.9 1 Ys 801 737 6.67 .927 .1236 5.815 13.7 
Refinery oil gas—liquid 

Phase cracking (cross 

ee ae 0.2 0.6 1.2 6.1 5.0 4.4 72.5 j 1.00 1665 1530 15.35 1.926 2.654 12.208 13.6 


Refinery oil gas—vapor 
Phase cracking (gyro 


MUS a2 4 betem a aw 0.1 1.0 1.3 13.1 39.6 23.3 21.7 88 1465 1350 13.20 1.789 2.119 10.626 14.4 
Reformed refinery oil gas.. 4.0 0.6 4.8 18.2 52.1 3.6 16.7 47 476 429 3.93 504 938 3.189 13.6 
Reformed natural gas— 

Water gas generator.... 1.9 0.2 6.5 17.1 39.1 2.3 32.9 50 566 511 4.91 593-11. 102 3.964 13.0 

| “lak seas 3.0 0.6 4.4 9.7 50.2 4.0 28.1 44 567 509 4.85 .5386 =-1.156 3.912 12.1 
Producer gas—anthracite.. 6.6 49.0 25.1 18.7 0.3 0.3 84 151 141 1.13 .330 .200 1.386 19.2 
Producer gas—Bituminous. 2.5 0.3 55.3 27.0 12.0 0.4 2.5 .87 160 151 1.23 333 179 1.529 17.9 
Blast furnace gas......... 9.4 61.8 27.8 1.0 1.01 93 92 .69 .372 .010 1.160 24.3 





120 AMERICAN GAS JOURNAL, November 15, 1955 














AVERAGE ECONOMY OF INDUSTRIAL FUEL CONSUMPTION OF TYPICAL FURNACES 
FURNACES WITH GOOD OPERATION a _ 





Millions Brick, kilns: Btu/1000 Brick 

of Btu Efi- 

per net | ciency ; 

Process ton | per cent Ruebon kiln 5,880,000-9,240,000 

- ca — ee Grates and trough 4,7609,000-6,300,000 
FERROUS PRODUCTS Staffordshire kiln 4,760.009-6,390,000 


Buhrer continuous tunnel 3.220,000-3 900,099 


Hoffman continuous kin 3,920,000-4.760,000 








Ingot heating, soaking pits.......... 
Billet heating for forming Batech— 
In-and-out type 
Continuous non-recuperative 
Bar annealing, pit or car type... . 
Wire annealing—hood type, coils... . 
strand in lead...... 
strand, open fired 
stainless, catenary strand... 
Caustic pickle, stainless wire coils....... 
Wire temper, open heat, lead quench... . 
Wire patenting, strands 
Wire galvanizing, strands....... 
Wire tinning, strands................ 
Wire baking, coils, continuous..... . . 
Nail galvanizing, retort 
Nail blueing, continuous retort 
Tube reheating, sizing mill 
Tube annealing—Continuous, bright... . 
Batch, car type 
Tube normalizing, continuous roll-down. . 
Tube galvanizing. . 
Skelp heating, butt. Ww wiht hed. 
continuous....... 
Slab heating, continuous recuperative. . 
Sheet bar heating—batch 
continuous........ 
ae al a | 400,00 
Alloy steels.......... Sheet annealing 2,800,000 
Strip annealing, continuous coils............. 
Strip, bright annealing, strands......... 
Sheet normalizing, continuous, wasters. . . 
Sheet galvanizing oe 
Nickle stainless sheet anneal, str¢ wile... 3. Rivet making: 
Caustic pickle stainless strip, continuous. . . 
Nickle stainless sheet anneal, batch. 
Enamelling—cast iron, three coats, batch. 
Flat ware, continuous........ 
Hardening, continuous conveyor type 
Drawing, continuous conveyor type 
Carburizing, boxes, continuous............. 
Carburizing, gas, continuous 
Annealing steel castings 


Metal melting: Btu/Ton 


oS bh Cr 


Iron and steel: 


No bt Nw bh oe 


Puddling 14,000,000 
Open-hearth 3,000,000-6,500,000 
Air furnace for malleable castings 8,690,000 


- ON = 
oe =~! *1 % b& 


Copper, reverberatory 4,200,000 


0 


Tin, smelting 19,200,090 


Rolling-mill furnaces: 
Busheling | | 5,600,000-7,000,009 
Billet heating ,240,000-2,520,000 
Billet heating (4 by 4) ,800,000-4,200,000 


ma On b> on im OO Ot i 
boo 
OO Or © 


ow 


Continuous furnace (cold billets) ,500,000-2,250,000 


bo 
NSO Ww 
OS 


_ 


Continuous-bloom furnace .409,000-2,100,000 


Reheating cold blooms .960,000-2,800,000 


2N + NW te 
Nw or 


Soaking pits (hot to cold ingots) 250,090-2,000,000 
Tire furnaces 4,500,000 


Tin-plate mill 2,500,090 


Rivet-making furnaces 1,260,000 


aeaoc 


Forging: 


Drop forging or bolt heating 6,000,000-7 ,000,000 


a1Oo wm Or or 


Ingot forging 4,000,000-5,000,000 
Ingot forging (regeneration furnace) 3,500,000-4,000,090 





NON-FERROUS PRODUCTS : 
Brass annealing 1 ,500,000-2,000,000 





Copper and brass— 

Billet or cake heating, continuous. . . : 

Wire annealing—coils, continuous. ..... ee j Heat-treatment: 
; strands, bright Casehardening 4,500,000-5,000,000 
Sheet and strip anneal, continuous, pans... .. 
Cartridge case anneal, continuous......... a | Quenching 2,000,000-3 ,000,000 
Aluminum— , 
Billet heating - 32 Tempering 1,500,000-2,000,000 





With permission, ‘‘Hauck Industrial Combustion Data.'' Copyright 1953. Hauck By permission, ‘‘Chemical Engineers’ Handbook.'' Copyright 1950. McGraw-Hill 
Manufacturing Company. Book Company. 
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PHYSICAL CLASSIFICATION OF REFRACTORIES 





High 
temp 


Refractory strength 


Spalling 
resistance 


Iron oxide 
slagging 


resistance* Remarks 








Excellent 
600°C 


Fair 


depends on 


Sensitive below 


Widely used for sprung arches 
because of high-temperature 
strength 


Fair 


General purpose material. 
Inexpensive 


manufacture 


Above 38 
38 


High-alumina 
Mullite 


Excellent Good 


38 and above Good 


Over 32 Excellent Good 


38 and above Good Fair to 


depending on 
composition and 
manufacture 


37 to above Excellent 


38 


Silicon carbide...... Superior 





Properties improve with increasing Al,O; 


Sensitive. 
Depends somewhat 
upon manufacture 


\Used for more severe conditions 


Good {than fireclay will withstand 


Superior Expensive. Used in matallur 

gical furnaces. High heat 

capacity 

Excellent {Indicated where both high- 
, temperature strength and resis- 
{tance to slagging are needed 


Excellent below 
2800°F. Poor above 
that temp 


good, Less expensive and somewhat 
less slag-resistant than mag- 
nesite. Same general type of 
applications 

Fair to poor Expensive. Used in contact with 
flames and for indirect heat 
transfer. Abrasion-resistant 








“Resistance to slagging does not always control uses and applications. See last column under Remarks and context af chapter. 





REPRESENTATIVE FUSION TEMPERATURES OF 





REFRACTORIES 





Fusing Temp, °C, of 
commercial refractories 


1750—2000 
1565—2000 
1650—1820 
1500—1750 
1685—1800 
1800—2240 
2150—2165 
1850—2050 
2135 








SO neg Lh uy 5 ave, oher oa 
Spinel (MgO. Al,0; 





By permission, from ‘‘Fuels, Combustion and Furnaces."' 
Copyright 1946. McGraw-Hill Book Company. 


GAS SAVINGS WITH PREHEATED AIR 


!. The heat salvaged by recuperation may be utilized by 
any of the following means depending upon the process in- 
volved: 

a. The volume of gas used for a given job may be de- 
creased. 
b. Production may be increased because of the greater 
quantity of heat available. 
c. Temperatures of the furnace may be increased. 
Mathematical formulae is given below have been estab- 
lished for calculating the possible gas savings and theoretical 
probable increase in production due to preheated air: 
a. Formula for gas savings calculation 
A 
$= ae tA x 100. 
S = per cent gas savings. 


4 








A = heat in air, Btu per cu ft of gas. 

G = Average gross heating value of gas per cu ft. 

F, = flue loss above room temperature including 
latent heat of vaporization, Btu, per cu ft of 
gas. 


b. Formula for calculating possible increase in pro- 
juction. 


P 


ay Ww. x 100. 


percentage increase in work. 

heat introduced by preheated air, Btu per hr 
above room temperature. 

heat absorbed by work with no preheat, Btu 
per hr. 


3. Experimental tests have verified the correctness of the 
formula for 


a. Natural and coke oven gases (or any city gas.) 

b. Either reducing, neutral or oxidizing furnace atmos- 
pheres. 

c. Flue gas temperatures from 1400-2500° F. 

d. Preheated air temperatures from 80-1624° F. 


4. From the results obtained it is concluded that the 
formula given in (2) is correct for all industrial gas furnac« 
applications. 


5. Gas savings in excess of 40 per cent have resulted wher 
burning natural gas with preheated air at approximatel) 
1600° FP. The practicability of air preheated in excess of tha 
temperature seems doubtful since the economic limit fron 
the standpoint of investment for most installations would b: 
exceeded. 


With permission, ‘‘Surface Combustion Industrial Heating Handbook."' 
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FUEL CONSUMPTION OF GAS ENGINES 


The amount of gas required per hp hour is dependent upon 
the efficiency of the engine and the percentage of full load at 
which it is operating. As the hp output of the engine decreases, 
the fuel consumption per hp hour increases. For estimating 
purposes, the following figures may safely be used. 





Btu 
per 
hp hr 


Per nas 


re) 
full load 





100 10 , 200 
75 11,200 
50 14,500 
25 20 , 600 





Inasmuch as most engines operate between 75 and 100 per 
cent of full load, the accepted practice is to figure 11,200 
Btu per hp hour. 


BTU PER BRAKE HORSEPOWER HOUR 





Small Bore 
below 7” 


Large 5ore 
~W 
above 7 


Per Cent 
load 





b , 200 9,700 
90% , 300 9,900 
80% , 800 10,200 
70% ,300 10,900 
60% 3,000 11,800 
50GZ , 500 13,000 
40% 5,500 14,800 
30% 9 000 17 ,000 
20% 3,000 





The above figures do not include the power required to 
operate the auxiliaries such as: cooling water pump, fan 
charging generator, etc. 

The heat to be dissipated in a gas engine is approximately 
as follows: 

Cooling water 3000 Btu per BHP hour or 50 Btu per minute 
per BHP. 
Exhaust 3500 Btu per BHP hour or 59 Btu per minute per 

BHP. 

The formula for figuring the quantity of cooling water 
required is as follows: 


BHP x Bt 
$606 == 


Tx 833 

where 
GPM 
BHP 
Btu 


Gallons per minute of cooling water 
Brake horsepower load on engine 
Heat to be dissipated — Btu per minute 


T = Difference in cooling water temperature in and 
out. 


The heat balance of a natural gas engine at full load is 
approximately as follows: 


Brake horsepower 
*Friction 
Cooling Water 
Exhaust 
Radiation 
*The heat generated in friction is dissipated in the cooling water and 
radiation. 


AGA Gas Engine Handbook. 


BELLAMY DEMAND-CHARGE RATE FORMULA 


For All Load Factors 


Demand-charge per Mcf gas delivered = 


Where 


3.288 x DC 


] 


DC = Demand-charge per Mcf of billing demand per month 


LF = Load factor 
Therefore, 
Price per Mcf of gas delivered = 


Example: 
(Assumed Gas Rate) 


3.288 x DC 


aks itv ch; 
LE commodity charge 


Demand charge = $2.10 per Mcf billing demand per month 
Commodity charge = 21c per Mcf of gas delivered 
To determine price of gas at 70 per cent load factor 


Then 


: . Dua -r 
Gas price per Mcf = ee 
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HEATING VALUE OF 
PETROLEUM OILS OIL TEMPERATURE CORRECTION FACTORS 


In most practical applications of the 
combustion of petroleum products, the , 
process is carried out at constant pres- OR Tempareters Conontion Fanere—to 69 f. __ 
sure (atmospheric) and the water va- Observed Degrees A. P. |. 

. : . Temper- 
por formed in combustion is not con- P P » ° ° ° ° ° ° 
densed. For such processes, therefore ature 5.0 je 10.0 to 15.0 to 20.0 je 25.0 to 30.0 to 35.0 te 40.0 to 
aa ° : wo 14.9 19.9 24.9 29.9 34.9 39.9 49.9 
the net heat of combustion at constant 


pressure is the more significant quantity a a 
in making compari : 1.0215 1.0227 1.0235 1.0243 1.0251 1.0262 1. F 

, fi — of fuels and - 1.0208 1.0219 1.0227 1.0235 1.0243 1.0253 1.0267 1.0291 
calculating the efficiencies of heating 1.0201 1.0211 1.0219 1.0226 1.0234 1.0244 1.0258 1.028% 
appliances. 1.0193 1.0203 1.0211 1.0218 1.0226 1.0236 1.0248 1.0271 
1.0186 1.0196 1.0203 1.0210 1.0217 1.0227 1.0239 1.0261 











Heats of Combustion of Crude 1.0179 1.0188 1.0195 1.0202 1.0209 1.0218 1.0230 1.0251 

; : 40171 1.0180 1.0187 1.0194 1.0201 1.0209 1.0221 1.0242 
Oils, Fuel Oils, and Kerosenes 1.0164 1.0173 1.0179 1.0185 1.0192 1.0200 1.0212 1.0231 
The data on heats of combustion 1.0157 1.0165 1.0171 1.0177 1.0384 1.0192 1.0203 1.0221 


i ‘ane 1. 1.0158 1.0164 1.0169 1.0175 1.0183 1.0194 = 1.0211 
(heating values) given in Table I apply —_ 


to petroleum oils free from water, ash, 1.0144 1.0150 1.0156 1.0161 1.0167 1.0174 naane von 
and sulphur wi estim: 1.0137 1.0142 1.0148 = h0153. 1.0159 = 1.0165 1.017 ; 
ne P ith an estimated accuracy 1.0129 1.0135 1.0140 1.0144 1.0150 1.0156 1.0166 1.0181 
of 1 per cent. These data are based on 1.0122 0127 1.0132 1.0136 1.0142 1.0148 1.0156 1.0171 
experimental results obtained, on a 1.0115 1.0120 1.0125 1.0128 1.0133 1.0139 1.0147 1.0161 
total of 630 petroleum oi 
Stat d a : oils from 8 1.0108 1.0112 0117 1.0120 1.0125 1.0130 1.0138 = 1.0151 
ates an oreign countries, by 5 1.0100 1.0105 1.0109 1.0112 1.0117 1.0121 1.0129 1.0141 
groups of observers. 1.0093 1.0097 10101 1.0104 1.0108 1.0112 1.0120 1.0131 
1.0085 1.0089 1.0093 1.0096 1.0100 1.0104 1.0110 1.0121 
1.0078 1.0082 1.0085 1.0088 1.0091 1.0095 1.0101 1.0110 
Heats of Combustion of Volatile 
Petroleum Product 1.0071 1.0074 1.0077 1.0080 1.0083 ~- 1.0087 1.0092 = 1.0100 
eae 1.0064 0067 1.0069 1.0072 1.0075 1.0078 1.0082 1.0090 
The data on he i 1.0057 1.0060 1.0062 1.0064 1.0066 1.0069 1.007 1.0080 
heati i cats of combustion 1.0049 1.0052 1.0054 1.0056 1.0058 1.0061 1.0064 1.0070 
(heating va ues) given in Table II ap- 1.0042 1.0045 1.0046 1.0048 1.0050 1.0052 1.0055 1.0060 
ply to volatile petroleum liquids in 


eneral with an estimated accuracy of 1.0035 1.0037 1.0038 0040 1.0042 1.0043 1.0046 —1.0050 
; er cent. The val : Bes 1.0028 1.0029 1.0030 1.0032 1.0034 1.0035 1.0037 1.0041 

P - The values given are prob- 1.0021 1.0022 1.0023 1.0024 1.0025 1.0026 1.0028 — 1.0030 
ably too high by 1 or 2 per cent for 1.0014 1.0014 1.0015 1.0016 1.0017 1.0018 1.0018 1.0020 
products containing unusually large 1.0007 1.0007 1.0008 1.0008 1.0008 1.0009 1.0009 1.0010 


amounts of aromatic hydrocarbons; for 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 
example, “vapor phase cracked” gaso- 9993 .9993 .9992 9992 .9992 9991 9991 .9990 
line. The tabulated values should be in- pen = pn press pon poo ‘972 970 
steneeitin shee’ : 9979 9978 .9977 9976 9975 9974 9972 9970 

by about 1 per cent to yield cor- 19972 997)  .9970 9968 9966 9965 9963 .9960 
responding value for the heats of com- 


bustion of vapor (vaporized product) ; .9965 9963 9962 .9960 9958 9957 9954 9950 

that is. for those inst he withinth tee 9958 9956 9954 9952 .9950 9949 9945 9940 
: se instances in which the 9951 9999 .9946 9944 .9942 .9940 9936 9929 

latent heat of vaporization is supplied 9943 9941 9938 9936 .9934 .9932 9927 9919 

by the external surroundings and not 9937 9934 9931 9929 .9926 9923 9918 9909 

by the combustion of the product. 9930 9927 9924 9921 .9918 9914 .9909 .9899 

9923 9919 9916 9913 9910 9905 9899 

Bureau of Standards, Misc. Publication No. 97. .9916 .9912 .9908 .9905 9901 .9896 .9890 

9909 .9904 .9900 .9897 .9893 9888 9880 

9902 9897 9893 .9889 9884 9879 9871 





9895 9890 9885 9881 9876 .9870 9862 


. F 9888 9883 .9877 9873 .9868 9861 9853 
Heating Value of Fuel Oils 9881 9875 9870 9865 9860 9852 9844 


; ae 9874 9867 9862 9857 9852 9844 9834 
It is common practice in power 9867 .9860 9855 9849 9843 9835 9825 
applications to measure the specific 


: ete .9860 9853 9847 9841 .9835 .9827 9816 
gravity of fuel oils in degrees 9853 9846 9839 9833 .9827 9818 .9807 
Baume rather than : 9846 9839 9832 9826 9818 .9809 9798 

a API ss provided 9838 9831 9824 9818 9810 9801 9789 
above. The following relation, based 9832 9824 9817 9810 9802 9792 .9780 


upon degrees Baume, is applicable 9825 9817 9810 9802 9794 9783 9771 


to commercial fuel oils (specific 9818 .9809 .9802 9794 .9786 .9775 9762 


‘ . ‘9811 9802 9794  .9786 9777 9766 9753 
(specific gravity 35 to 10 deg Bé): 9804 9795 9786  .9778  .9769 9758 .9743 


: ' 9797 9788 9781 9770 9760 .9749 9734 
Higher Heating Value 9790 9781 9772 9762 9752 9741 9725 


(Btu/pound) = 
18,250 + 40 (deg Bé — 10) 








Compiled from Bureau of Standards Circular C410 (1936). 


Multiply the volume of oil in the tank or car at the observed temperature by these 
ehit Dahan, C3 10:08 factors to get the volume at 60 deg F. 
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ANNUITY TABLE 


Amount per year resulting in an annuity of one dollar after number of years shown below. 





2% 24% 3% 309 AT 5% 6% 7% 9% 10% 








$1.000000 $1.000000 $1.000000 $1.000000 $1.000000 $1.000000 $1.000000 $1.000000 $1.000000 $1.00NNND $1.0NNNND $1.000000 
0.495050 .0.493827 0.492611 0.491400 0.490196 0.488998 0.487805 0.485437 0.483092 0.48N7A9 0.4784A9 0.476190 
326755 325137 .323530- .321934 .320349 318773 317209 314110 311052 30834 305055 307115 
. 242624 . 240818 239027 .237251 235490 233744 . 232012 . 228012 . 225228 .221921 .21RRAQ .215471 
. 192159 . 190247 . 188355 . 186481 . 184627 . 182792 180975 .177396 . 173891 . 170456 . 167092 163797 


158526 ©=-«.156550 «154507 «152668 ~=.150762 = «148878 = 147017143363. «6139796 = «13315. «129990 -~—S=s 19007 
134512 132495» .130506 = 128545 = .126610 = 1247016122820) .119135 115553. «619972 108Q] = 08405 
116510 114467 112456 = .110477 108528 = 106610 +=. 104722» «.101036 += 097488 = s—«g9an15 = ssggna7g4 «= R7444 
102515 100457 .098434 096446 = 094493 «092574 090890 ~—=«-«.087022 ~—«LOR3486 «= CORMMRN ~=s=sQ7AR709.-«—s 7 RAY 
.091327 089259 —-.087231 085241 083291 += «081379 ~—- 079505 —-«.075868 072378 «069029 —«.085820-—=«# 082745 


. 


082178  .080106 078077 += 0760924074149 += .072248 += 070889 = «08793 = LORRR57 «= ORTN7G «= QRRQ4T ~—-—_Q2083 
074560  .079487 070462  .068484 06552 ©—-.064866 «©=»- 089825 «059977 ORRQ02 «=«s«QR™RN5 «= s«sdgRR] «= R7A3 
068118 .066048 064030 = 062062 060144 ~—- 058275 = 058456 © «059980 = «6049851 «= «§Q4AROQ.-«—Ss«§OARKAT ~—-__4N779 
062602 060537 058526 = 05571 += .054669 = 059820» 051924. «= LO47AR5 «= «044245 «= «41907 ~——_RRARZ_—C'*=CORR7AG 
057825  .055766  .053767 051825  .049941 048114 046342 += 042963 +~—s- 039795 += .036830 ~—=« «034059. ~—=«.031474 


052650 ©—-.051599 = 049611 «047685 © 045820 © 044015 = 042270 = 038952 «= LORRRAR«.039977-— 022M) ~—. 097817 
049970 047928 045953 © «044043 «042199» «040418 += 038699 035445 «039425 = 09R29. «40974694 
046702 044670 ~—-.042709 Ss «040817 «038993 «037237 «085546 = 039257 «099413 ~=—«s0R702. «= 094212091920 
043782 041761  .039814 037940 ~—- 036139 += 034407 «082745 += 029821 «02753 ~—-.024198 += «091730 .019847 
041157 039147 .0387216 += 035361 033582 031876 ~—- 080243» «027185 024398 += «021852 +~—«-«.019546 ~—s.017460 


.038785 .036787 .034872 .033037 031280 .029601 .027996 025005 .022289 019832 .017617 015424 
036631 034647 032747 030932 .029199 027546 .025971 .023046 .020406 018032 015905 014005 
.034€68 .032696 .030814 029019 .027309 .025682 .024137 021278 018714 016422 014382 012572 
.032871 .030913 .029047 .027273 025587 .023987 -022471 019679 017189 .014978 013023 .011300 
.031220 029276 .027428 025674 024012 .022439 .020952 .018227 015811 -013679 .011806 .010161 


.029699 .027769 .025938 024205 022567 021021 019564 016564 014561 0125071 .0107154  .0091590 
.028293 026377 024564 .022852 021239 .019719 .018292 015697 013426 .0114481  .0097349 0082576 
.026990 .025088 .023293 021603 .020013 .018521 .017123 .014593 .012392 0104889 0088520 .0074510 
.025778 .023891 022115 020445 018880 017415 016046 .013580 011449 .009°185  .0080557 .0047281 
.024650 .022778 .021019 .019371 017830 016392 015051 .012649 .010586 0088274  .0073364  .0060927 


.023596 021739 .019999 .018372 016855 015443 014132 .011792 -009797 .0081073 .0066856  .0054962 
.022611 .020768 .019047 017442 015949 014563 013280 .011002 -009073 .0074508  .0060962 .0049717 
-021687 019859 .018156 .016572 015104 013745 -012490 .010273 -008408 -0068516  .0055617  .0044994 
.020819 .019007 .017322 015760 014315 .012982 011755 .009598 007797 .0063041  .0050766  .0040737 
.020002 .018206 .016539 .014998 .013577 .012270 011072 008974 .007234 0058033 0046358  .0036897 


019233 017452 .015804 014284 012887 011606 010434 008295 006715 .0053447 = .0042350 = 0033431 
018507 .016741 .015112 013613 012240 .010984 .C09840 007857 006237 0049244 0038703 .0030299 
017821 .016070 .014459 012982 011632 010402 .009284 007358 005795 .0045389 .0035382 .0027469 
017171 015436 013844 .012388 011061 009856 008765 006894 .005387 .0041851 .0032356  .0024910 
016556 014836 013262 011827 010523 009343 008278 006462 .005009 0038602  .0029596  .0022594 


015972 -014268 012712 011298 .010017 008862 007822 .006059 .004660 .0035615  .0027079 = .0020498 
015417 .013729 .012192 .010798 .009540 .008409 007395 .005683 ; .0032868  .0024781 .0018600 
.014890 .013217 011698 010325 -009090 .007982 006993 .005333 ; .0030341  .0022684  .0016880 
.014388 012730 .011230 .009878 008665 .007581 006616 005006 ‘ 0028015 0020767. = .0015322 
013910 -012268 .010785 009453 -008262 .007202 .006262 -004700 -003500 0025873 .0019017 = .00139 


013453 011827 010363 .009051 .007882 .006845 .005928 R .003260 0023899  .0017416 = .0012620 
.013018 .011407 .009961 -008669 007522 .006507 005614 d .003037 0022080  .0015952 .0011468 
.012602 .011006 .009578 .008306 .007181 006189 .005318 ; 0023897  .0020403 .0014614 .0010415 
.012204 .010623 .009213 .007962 .006857 005887 .005040 .00366+ .002639 .0018856  .0013389  .0009459 
011823 .010258 -008865 007634 .006550 .005602 004777 002460 .0017429 .0012269  .0008592 








AMERICAN GAS JOURNAL, November 15, 1955 




















COMPOUND INTEREST 


Amount of one dollar at compound interest after number of years indicated. 








244% 3% 314% 4% 410% f 9 9% 10% 














$1 .02500 05 03500  $1.04000 04500 $1.05000  $1.06000 $1.07000 $ 1.08000 $1.09000 $ 1.10000 

1.05062 j .07122 08160 09203 10250 . 12360 14490 1.16640 18810 1.21000 

1.07689 27: . 10872 12486 14117 15763 19102 22504 1.25971 29503 1.33100 

.10381 . 125: 14752 16986 19252 .21551 26248 31080 1.36049 41158 1.46410 

. 10408 13141 59: 18769 21665 24618 27628 33823 40255 1.46933 53862 1.61051 


. 12616 . 15969 : 5 . 22926 . 26532 30226 34010 41852 50073 58678 67710 1.77156 
. 14869 . 18869 . 2298 27228 31593 36086 40710 50363 60578 71382 82804 1.94872 
.17166 .21840 : 31681 36857 42210 47746 59385 71819 85093 99256 2.14359 
. 19509 . 24886 ‘ 36290 42331 48610 55133 68948 83846 99900 2.17189 2.35795 
.21899 . 28008 . 3438 41060 48024 55297 62889 79085 96715 2.15892 36736 2.59374 


.24337 .31209 .3842: 45997 53945 62285 .71034 
. 26824 .34489 : 51107 .60103 . 69588 79586 
.29361 .37851 .4685: 56396 66507 77220 88565 
.31948 .41297 512: 61869 73168 .85194 97993 
.34587 .55830 .557$ 67535 .80094 93528 2.07893 


89830 
.01220 
13293 
26090 
39656 


10485 
25219 
40985 
.57853 
75903 


33164 2.58043 2.85312 
51817 2.81266 3.13843 
71962 3.06580 3.45227 
.93719 3.34173 3.29773 
17217 3.64248 4.17725 


mowhye Ne 
mM to bh bt te 
Ww bw bo te to 


37279 .48451 ; . 73399 
.40024 .52162 .6528:! . 79467 
42825 55966 7024: 85749 
45681 59865 753! 92250 
48595 . 63862 ; 98979 


.87298 
94790 
02582 
10685 
19112 


02237 
11338 
20848 
30786 
41171 


18287 
69277 
.40662 
52695 
65330 


54035 2.95216 3.42594 3.97031 4.59497 
69277 3.15882 3.70002 32763 5.05447 
85434 3.37993 3.99602 71712 5.55992 
02560 3.61653 31570 5.14166 6.11591 
.20714 3.86968 - 66096 5.60441 6.72750 


wows — 
bw bo bt bt be 
me tw t& to te 


ww ids to tw 


51567 .67958 : 05943 
.54598 72157 13151 
.57690 . 76461 20611 
. 60844 .80873 28333 
.64061 85394 36324 


27877 
36992 
46472 
56330 
66584 


.52024 2.78596 3.39956 14056 5.03383 5. 10881 7.40025 
6365 2.92526 3.60354 43040 5.43654 5.65860 8.14027 
75217 3.07152 3.81975 74053 5.87146 25787 8.95430 
87601 3.22510 04893 5.07237 34118 91108 9.84973 
00543 3.38635 29187 5.42743 48848 62308 10.8347] 


bh bo th be te 
wre bw bo bo 


2. 
2. 
2. 
2. 


.67342 .90029 
. 70689 .94780 
.74102 .99650 
. 77584 .04640 
.81136 .09757 


44596 
53157 
62017 
71188 
80679 


77247 3.14068 3.55567 4.54938 5.80735 39635 9.39916 11.91818 
88337 3.28201 3.73346 4.82235 21387 98806 24508  13.10999 
99870 3.42970 3.92013 5.11169 64884 8.62711 16714 14° 29000 
11865 3.58404 4.11614 5.41839 11426 9.31727 17218 15.86309 


24340 3.74532 4.32194 5.74349 61226 .06266 13.26768  17.44940 


bw bo db bt bo 
bN bo po bY bo 


ww nr tr bo 


.84759 2.15000 2.90503 3.37313 3.91386 .53804 6.08810 8.14511 10.86767 46177 19.19434 
88454 2.20376 3.00671 3.50806 .08998 .76494 6.45339 8.71527  11.73708 76333  21.11378 
92223 2.25885 2.65234 3.11194 3.64838 27403 .00319 6.84059 9.32534  12.67605 18203 23.22515 
96068 2.31532 2.73191 3.22086 3.79432 46636 25335 .25103 9.97811 =13.69013 72841  25.54767 

3 


99989 2.37321 2.81386 3.33359 3.94609 . 66735 5.51602 .68609 10.67658  14.78534 .41397 28.10244 


03989 2.43254 2.89828 3.45027 4.10393 
08068 2.49335 2.98523 3.57103 4.26809 
12230 2.55568 3.07478 3.69601 4.43881 
16474 2.61957 3.16703 3.82537 4.61637 
.20803 2.68506 3.26204 3.95926 4.80102 


7738 5.79182 .14725 11.42394 15.96817 22.25123 += 30.91268 
09686 .08141 8.63609 12.22362 17.24563 24.25384  34.00395 
32622 .38548 .15425 13.07927 18.62528 26.43668 37.40434 
56590 70475 .70351 13.99482 20.11530 28.81598  41.14478 
81636 .03999 .28572 14.97446 21.72452 31.40942 45.25926 


nw Ww bh bt bo 
og or ot 


2.25220 2.75219 3.35990 4.09783 4.99306 .07810 39199 .90286 6.02267 23.46248  34.23627 49.78518 
2.29724 2.82100 3.46070 4.24126 5.19278 35161 . 76159 55703 14426 §=25.33948 37.31753 54.76370 
2.34319 2.89152 3.56452 4.38970 5.40050 .63744 8.14967 .25045 34435 27.36664 40.67611 60.24007 
2.39005 2.96381 3.67145 4.54334 5.61652 .93612 8.55715 98548 62846 29.55597  44.33696  66.26408 
2.43785 3.03790 3.78160 4.70236 5.84118 . 24825 8.98501 3.76461 21.00245 31.92045 48.32729 72.89048 


2.48661 3.11385 3.89504 
3.19169 4.01190 
3.27149 4.13225 
3.35328 4.25622 
3.43711 4.38391 


.86694 6.07482 57442 9.43426 .59049  22.47262 34.47409 52.67674 80.17953 
.03782 6.31782 91527 9.90597 15.46592 24.04571 37.23201 57.41765  88.19749 
21359 = 6.57053 .27145 10.40127 =16.39387 72891 40.21057 62.58524 97.01723 
.39606 6.83335 64367 10.92133 17.37750 27.52993 43.42742 68.21791 106.71896 
58493 7.10668 .03264 11.46740 18.42015 46.90161 74.35752 117.39085 


oo oF or 
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PRESENT WORTH 


Same as compound discount. Present value of one dollar due at the end of N years 


QRO30 7 q 154 O5601 238 94340) Q3458 92593 91743 QQana 


96117 95] j9 f 5 157 O9T030 S9000 87344 85734 S416 82645 
94232 4U?S60) 514 } RRO) 6384 83962 81630 79383 79383 


Q2385 90595 14 S548 79209 76290 73503 70843 H830 


90573 74726 71299 6805S 64993 62092 


88797 7049 66634 63017 9627 i447 
87056 66506 §2275 58349 54703 

55349 54 7 7 62741 58201 54027 50187 16651 
S3676 59190 54393 50025 $9043 $2410 
&2035 55839 50835 $6319 $294] R54 


$0426 52679 47509 {2888 38753 35049 
49697 $44()] 39711 35553 31865 
{6884 $1496 36770 ,2618 2ROBE 
$423( 38782 34046) 29925 


41727 6245 31524 27454 


78849 
7730 


75788 


33873 29189 
31657 7 23107 
295861 21199 


27651 2: l 19449 
25842 21455 17843 


6597S 2941 2415 1YS6¢ 

H4684 a2 } 27751 22571 18394 
26180 21095 17032 2778 
24698 19715 15770 12640 


O33 18425 14602 11597 


5975S 2198] 17220 13520 10639 OS39] 
58586 20737 16093 12519 09761 07628 
57437 } f 3 ] 2 19563 150: 11591 O8955 06934 
563 S45 5 10733 OS215 06304 
55205 7674 { } SAO , i7(K) 13 741 1313 (99388 7537 0573 
34125 | } 14 - ; 16425 12277 U9202 OW9LS 521 
53063 { 33 15.40% 1147 08520 06344 OAT3t 
52023 ) 7 14619 93 O7889 O5820 430 
5100 5] sf { ; ) 1379] Pap 07305 05339 03914 


S00 9133 5 209 25 18] 13011 (9366 0676 (48990 0355S 


US75 (6262 U62Z62 03235 
OS1S] 05799 (4125 0294] 
O7646 05369 03783 (267 
07146 04971 03470 (243 


O6678 460. O3184 (2209 


(0624 04262 4494 02009 
05833 03946 O26S80) OLS2¢ 
05451 03654 02458 O1660 
05095 03383 02255 01509 


04761 : (2069 01372 


O600 06854 (4450) 290 O1S89S 01247 
10095 06466 04159 O2686 01742 
(9614 06100 O3887 (2487 O159S 
29822 0915¢ 05755 03632 (2303 01466 


2Q094 08720 05429 03395 02132 01345 
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M-S-A INSTRUMENTS for accurate detection, 


measurement and control of 





TOXIC AND COMBUSTIBLE GASES 








THE M:S:A 
GASCOPE 


The single, dual-scale meter indicates in leak detection. It provides high sensi- 
the full range of gas concentrations—O tivity for the initial detection of low gas 
to 100° of the lower explosive limit on concentrations, and immediate, quanti- 
one scale—0 to 100°, of combustible tative response for tracing higher con- 
gas present on the other. This dual- centration of gas to its source. 

range, direct reading instrument, con- The instrument is very light, easy to 
trolled by the simple turn of one selector use, and demands no special training or 
switch, is your new answer to today’s skill to operate. Write today for addi- 
need for accuracy, speed, and simplicity tional information. 





M.S.A. EXPLOSIMETER M.S.A. CARBON 

Ideal for the detection of combusti- MONOXIDE TESTER 

bles in manholes, detecting and The CO Tester indicates CO in 

locating leaks in distribution sys- air from 0.001 to 0.10 percent 

tems, and for use in general service = , by volume and is accurate in 

inspection. Convenient one-hand the presence of water and gaso- 

operation; designed for day-in-day- line vapors. With a scrubber, it 

out use. Write for details. can be used for measuring CO 
in flue gases. Write for details. 


M.S.A. CARBON MONOXIDE ALARM mts M.S.A. COMBUSTIBLE GAS ALARM 
Whenever CO reaches a predetermined con- Safe, continuous sampling of atmospheres 
centration, this instrument sets off a loud, for combustible gas and vapors in gas plants, 
audible warning and visible indication. Ideal compressor stations, and in gas holder areas. 
protection in gas manufacturing plants, pump- Listed by Underwriters’ Laboratories for 
ing orcompressor stations and around gas “ties use in Class I, Group D locations. Visual 
holders. Write for details and audible warning. Write for details. 


ALSO—Lira Infra-red Gas Analyzers, Oxygen Indicators, Hydrogen Sulphide Detectors. Write for bulletins. 


MINE SAFETY APPLIANCES COMPANY 


201 North Braddock Avenue, Pittsburgh 8, Pennsylvania 


At Your Service: 
Call the M.S.A. man on your every safety problem 82 Branch Offices in the United States and Canada 
. . . his job is to help you 
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Bibliography of Technical Presentation 


AMERICAN GAS ASSOCIATION 1954-1955 


Abbreviations for AGA 
Section References 
OS — Operating Section 
LAB — Laboratories 
GM — General Management 
AS —Accounting Section 
I&CS — Industrial and Commer- 
cial Section 
R&U-PAR — Domestic Gas Re- 
search and Utilization Bureau, 
PAR 


Accident Prevention, Safety 

Just What Is Accident Prevention 
Through Informed Supervision? 
(AP). 

Underground Construction Haz- 
ards (AP). 


Street Protection (AP). 

Employee Accident Experience of the 
Gas Utility Industry, 1954 (GM). 
Resuscitation in Gas Asphyxia, Electric 
Shock and Drowning, 1955 (GM). 
Review of Fatal Injuries in the Gas 

Utility Industry During 1954 (GM). 

Safety Films Applicable to the Gas In- 
dustry, 1955 Supplement (GM). 

Setting Up Your Safety Program, 
1955 (GM). 

Safety, An Operating Man’s Viewpoint, 
CEP-55-8 (OS). 

Safety in the Meter Shop, Why and 
How, a sound slide film, DMC-55- 
11 (OS). 

Distribution Systems, Protection of, 
DMC-55-4 (OS). 


How We Contribute to Accident Pre- 
vention (GMS). 

Alarm System, Davis Emergency, LP 
Gas Storage, Harrison Gas Works, 
CEP-55-24 (OS). 

Disaster Control or Emergency Plan- 
ning, GSTS-55-13 (OS). 


Accounting 

Meter Reading and Bill Forms (AS). 

Is Mark Sense Meter Reading the 
Answer? (AS). 

Hi-Lo Consumption Checks (AS). 

Some Observations on Liberalized Tax 
Depreciation (AS). 

Probable Impact of Electronics on 
Credit and Collection Operations 
(AS). 


(Continued on Page 132) 





GAS HOLDERS 


CRUSE-KEMPER 


DIVISION OF C. H. WHEELER MANUFACTURING CO. 


AMBLER, PENNA. 


OVER FIFTY YEARS OF SOUND 
STEEL PLATE CONSTRUCTION 


PURIFIERS 


Gas Holder Repairs 





Gas Holder Inspection 











PROFESSIONAL 


DIRECTORY 








RICHARD W. STAFFORD 
CONSULTING GAS ENGINEER 
2944 Grant Street, Evanston, Illinois 
Phone UNiversity 4-6190 
DESIGN ¢ CONSTRUCTION ¢ INVESTIGATION SURVEYS 
R. W. STAFFORD ARNOLD C. RATHKEY 
MARSHALL G. COOK 310 Kenilworth Road 
Evanston, Illinois Waterloo, Iowa 





JOHN J. HARTE CO. © Engineers 


GAS TRANSMISSION * SURVEYS * DESIGN 
LIQUEFACTION * REFORMING 
BY-PRODUCT AMMONIA ¢ UREA ¢ NITRATES 


284 Techwood Dr., Atlanta, Ga., NewYork * Washington ¢ Foreign 

















COAL AND COKE HANDLING 
Complete engineering and installation service for coal and coke 
handling, screening, crushing, skip hoists and storage bins, in 
cluding alterations to existing conveying and screening plants 


(Hewitt-Robins ) ROBINS ENGINEERS Div 
oO 
Way 





157 Chambers St., New York 7, N.Y 








“YEARS OF EXPERIENCE 
IN ONE PACKAGE” 


complete LP-gas plants 





Jengineered e designed e¢ installed 


H. Emerson Thomas & Associates, Ine. 
P.O. BOX 270 WESTFIELD, N. J. WE 2-2800 








% Standby 
% Augmentation 

0 *% 100% Town Supply 

PROPANE PLANTS Engineering - 

[DRAKE & TOWNSEND 





Construction 


11 WEST 42ND STREET 
NEW YORK 36 NY 


Design . 


Engineers, Designers and Manufacturers of 











SS Ss 
LP-GAS STAND-BY PLANTS jess 


and special equipment for every requirement 


AMERICAN LIQUID GAS CORPORATION 


1109 Santa Fe Avenue «+ Los Angeles 21, California 
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For Efficiency, Safety 
and Economy, Specify 





FOR THE GAS INDUSTRY, 
INDUSTRIAL PLANTS, 
AND HOMES 


If you have a gas regulation problem, bring it to RELIANCE... 
from high pressures to low pressures regardless of differentials 
and volumetric requirements ... RELIANCE Regulators 

provide constant balance through precision gas regulation. 

The Gas Industry derives many advantages of standardization. 
The interchangeability of RELIANCE Regulator, Valve and 
Filter equipment resulting from standardization means a smaller 
and more flexible inventory of parts to meet varying 

load demands and applications. 


For longer life, superior performance, greater 
dependability, lower maintenance and economy... 
you can rely on RELIANCE REGULATORS 


AMERICAN 


1 Oo we Oe : Me O16 SL. Og 


INCORPORATED (ESTABLISHED 1836) 


GAS HANDBOOK ISSUE 


Bulletins acre available on 
all types of RELIANCE REGULATORS 


RELIANCE 


REGULATOR DIVISION 


ALHAMBRA, CALIFORNIA 














Role of the Insurance Company in Fi- 
nancing Public Utilities (GMS). 

Sickness and Disability Plan Pay- 
ments (AS). 

Will Estimating Final Bills Expedite 
Collections? (AS). 

Review of Collection Notices and 
Form Letters (AS). 

Electronic Data Processing (AS). 

Estimated Meter Readings, Practices 
and Policies (AS). 

Uncollectibles, a National Problem 
(AS). 

Budget Billing, Electric and Gas Space 
Heating (AS). 















































Programming for Electronics (AS). 





| " . 

Study of Internal Reports Presented to 
| Top Management by 20 Gas, Elec- 
| 





tric and Combination Utilities, 1954 
(AS). 
Are You Measuring Today the Prob- 
lem of Electronics Tomorrow? (AS) 

















Appliances 

Central Heating Gas Appliances - 
American Standard Approval Re- 
quirements, addenda, Steam and Hot 
Water Boilers, effective January 1, 
1955 (LAB). 

, addenda, Gravity and Forced 

Air Central Furnaces, effective Janu- 
ary 1, 1955 (LAB). 

addenda, Gravity and Fan 

Type Floor Furnaces, effective Janu- 
ary 1, 1955 (LAB). 

Clothes Dryers, American Standard 
Approval Requirements, addenda 
effective January 1, 1955 (LAB). 

Duct Furnaces, American Standard 
Approval Requirements, addenda 
effective January 1, 1955 (LAB). 



























THE 
HALLMARK 
OF 
QUALITY 
COATING 
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WRAPPING 















































Incinerators, American Standard Ap- 
proval Requirements, addenda effec- 
tive January 1, 1955 (LAB). 

Ranges, Domestic, American Standard 
Approval Requirements, addenda 
effective January 1, 1955 (LAB). 


Room Heaters, American Standard 
Approval Requirements, effective 
January 1, 1955 (LAB). 

Water Heaters, American Standard 
Approval Requirements, addenda 
effective January 1, 1955 (LAB). 

Valves, American Standard Approval 
Requirements, effective January 1, 

1955 (LAB). 



































































standard pipeprotection inc. Competitive Considerations 
3000 SOUTH BRENTWOOD BLVD. ST. LOUIS 17, MISSOURI | How Is Atomic Energy Utilization 
Likely To Affect the Industrial Fuel 
Industry? (I&CS) 
Future of Gas Industry in the Atomic 
Age (GMS). 


(Continued on Page 133 
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Compressors 

Piston Versus Rotary Air Compres- 
sors (OS). 

Engine Driven Centrifugal Compres- 
sor Units for Natural Gas Trans- 
mission Service, GSTS-55-18 (OS). 

Compressor Station Equipment Corro- 
sion Problems and Remedies, GSTS- 
55-7 (OS). 

Prime Movers and Gas Compressors 
tor the Gas Industry, Modern De- 
velopments In, GSTS-55-8 (OS). 

270,000 Horsepower of Gas Turbine 
Centrifugals Installed by Gas In- 
dustry in 3 Years, GSTS-55-9 (OS). 

Rotary Versus Piston Air Compres- 
sors, DMC-55-22 (OS). 


Dispatching 

Gas Dispatching Problems En- 
countered in the Operation of Gas 
Turbines and Centrifugal Compres- 
sors, GSTS-55-20 (OS). 

Gas Dispatching in Public Service 
Electric and Gas Co., GSTS-55-5 
(OS). 

Application of Telemetering and Re- 
mote Control to Gas Dispatching 
(OS). 


Distribution, General 

Gas Stopping Devices, DMC-55-13 
(OS). 

Gas Distribution Network Pressures, 
A Punched Card Program for Cal- 
culating by the Hardy Cross Method, 
DMC-55-1 (OS). 

Plastic Pipe for Service Renewals, Use 
of, DMC-55-33 (OS). 

Carbonization, Low Temperature, Op- 
eration of, Pilot Plant, CEP-55-15 
(OS). 

Tar Quality as Affected by Processing 
(OS). 

Waste Disposal, Plant, Bibliography 
on, CEP-55-22 (OS). 

Gas Load Data, A Practical Method of 
Utilizing in Distribution System De- 
sign, DMC-55-18 (OS). 

Weather and Its Effect on Gas Re- 
quirements, GSTS-55-1 (OS). 

Service Analysis, A Modern Method 
of, DMC-55-9 (OS). 

Overpressure in Distribution Systems, 
Methods To Prevent. DMC-55-3 
(OS). 


Construction and Maintenance Work 
Organization, DMC-55-16 (OS). 


Distribution Department Work, Cut- 
ting Costs in, DMC-55-21 (OS). 


Paint Survey, Economics of a, DMC- 
55-14 (OS). 


Continued on Page 134 
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CLOSE... 


for a “BABY DIGGER" 


Your local distributor will show you how 


Clevelands dig more trench... in more places ... at less cost. 


THE CLEVELAND TRENCHER COMPANY « 20100 St. Clair Ave., Cleveland 17, Ohio 


CLEVELAND 





























Management 


What Is Management Development? 
(GMS). 


Settlement of Labor Disputes in Pub- 
lic Utilities (GMS). 

Management Development — What 

Can a Company Do? (GMS). 

2p Training the New Employee (GMS). 

a — Constructive Planning in Health In- 
surance (GMS). 

Gas Househeating, Economic Impli- 
cations of, 1954 (GM). 

Selection and Training of Industrial 
and Commercial Manpower (I&CS). 


ERLESS 
Tye MP 


0 D 0 R I Z E a U \ I T y ~ | a * | — Really Managing Your Costs? 
FLEX ae uae = ’ ; J , j | Ronan Aspects of Gas Distribu- 


tion Operating Practices (OS). 
The Peerless Type ‘’MP”’ 


Odorization Unit has been 
designed to provide a com- 
plete odorization setup which 
is easily installed. This odorizer 


What the Corrosion Engineer Can Do 
for Management (OS). 

Some Operations Research Opportuni- 
ties in the Utilities Industry (AS). 


Manufactured Gas Production 
Manufactured Gas Position in Present 
Day Operation, CEP-55-12 (OS). 
Operating Problems of High Btu Oil 

utilizes the Patented Peerless Gas Production, CEP-55-10 (OS). 

principle of liquid odorant : ' : Recording Gas Calorimeter, Accuracy 
poctan. y e of, When Used with Gases of High 
Btu Content, CEP-55-13 (OS). 

High Btu Oil Gas, Report on Survey 
of Plants Manufacturing, CEP-5S5- 
19 (OS). 

Hasche Unit in Florida, CEP-55-11 


DVANTAGES .. - 


e Accurate proportioning of odorant into line. 
e Safety tank built in. Cannot flood. 
@ Leakage is eliminated since all welded piping 
and packless valves are used. 
e It occupies a minimum of space. 
Only one foundation needed. 
e A minimum of piping is required 
for installation. 
e Installation time is reduced. 
@ Maintaining odorizer is quite simple. 
Odorizer mechanism easily accessible. 
@ Positive seal of odorizer housing 
with Sillers Flex Ring Closure. 


Peerless Type ‘MP’ Odorizers have 
many more outstanding advantages, 
all engineered to give you the most 
accurate odorizer available. 


PEERLESS MANUFACTURING jiCO. 


P.O. BOX 13165 % DALLAS 20, TEXAS & Dixon 8431 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 


(OS). 

UGI Cyclic Catalytic Reforming Pro- 
cess, New Developments in, CEP- 
55-5 (OS). 

LP Gas Storage, Recent Developments 
in, CEP-55-14 (OS). 

Cyclic Regenerative Pressure Oil Gas 
Pilot Unit, 4-Shell, Initial Operation 
of a, CEP-55-16 (OS). 

Substitution, Emergency, of 100% 
High Btu Oil Gas for Natural Gas, 
CEP-55-9 (OS). 

Tar Emulsions, Current Processing of, 
at Portland Gas & Coke Co., CEP- 
55-6 (OS). 

High Btu Oil Gas Production Test, 
Astoria Plant, Results of, (OS). 

Supplementing Pipe Line Gas (OS). 


Meters and Regulators 


District Regulator, Overhauling a, 
DMC-55-30 (OS). 


Regulator Maintenance Control Rec- 
ords, DMC-55-27 (OS). 


Regulator Stations, Remote Control of, 
DMC-55-5 (OS). 


(Continued on Page 135) 
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Meter Shop, Design and Performance 
of a, Under an Incentive Wage 
Rate, DMC-55-2 (OS). 

Regulator Station Design and Venti- 
lation, DMC-55-31 (OS). 

Positive Displacement Meters, Large, 
Field Testing and Repair of, DMC- 
55-10 (OS). 

Meter Capacities, Why the Competi- 
tion in, DMC-55-34 (OS). 
Gas Meters and Metering, 
graphy of, DMC-55-8 (OS) 


Biblio- 


Odorization 

Odor Control in Gas 
CEP-55-4 (OS). 

Odor Conditioning of New Gas Mains, 
CEP-55-7 (OS). 


Odorization, 


Research 
The What, Why, When, Where of 
Temperature-Pressure Relief De- 
vices for Domestic Storage Water 
Heaters, (R&U-PAR). 

Gas Piping and Appliance Installation 
(R&U-PAR). 

Progress in Heating and Air Condi- 
tioning Research (R&U-PAR). 

Using Gas for Summer Air Condition- 
ing (R&U-PAR). 

Progress in AGA Air Conditioning Re- 
search (R&U-PAR). 

Extending the Use of Low Btu Pilots 
to Gas Appliances Other Than 
Ranges (R&U-PAR). 

Progress in General Utilization Re- 
search (R&U-PAR). 

Progress Review of Water Heating Re- 
search Program (R&U-PAR). 

A Field Study of Domestic Water 
Heater Corrosion (R&U-PAR). 

Field Experience Employing Non- 
Aerated Pilots (R&U-PAR). 

Progress in Incinerator 
(R&U-PAR). 

Clothes Dryer Installation and Serv- 
iceability (R&U-PAR). 
Designing Recessed Range 

(R&U-PAR). 

Clothes Dryer Operating Cost Exyeri- 
ence (R&U-PAR). 

Progress in Improving Domestic Gas 
Ranges (R&U-PAR). 

Practical Gas Vent Design 
PAR). 

The Electric Heat Pump-Its Impact on 
the Gas Industry (R&U-PAR). 

Higher Speed Electric Water Heating 
at High Cost (R&U-PAR). 

Impact of Advances on Electric Ranges 
on Our Cooking Load (R&U-PAR). 

Impact of Advances in Oil and Electric 
Resistance House Heating on Our 
Heating Load (R&U-PAR). 

Critical Survey of Combustion Funda- 
mentals (R&U-PAR). 


(Continued on Page 141) 
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wal ideal 
performance 
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‘BARION 


severest operating 


conditions 


202 
RECORDER 


B AR T O N RUPTURE PROOF BELLOWS RECORDERS 
accurately draw a picture story of flow — liquid-level and/or 
differential pressure. Operating from 0-20” W. C. min. to 0-400 
psid max. at safe working pressures to 3000 psig, and in some 
cases to 6000 psig with little or no maintenance. 


For further information request bulletin 
11C-4 or contact BARTON sales engin- 
eers, located in most principal cities. 


BARION 


1429 SOUTH EASTERN AVENUE - 


| Medel 199 
| Bellows 


Assembly 


i“The Heart 
| of all Bartons” 


INSTRUMENT CORPORATION 


INDUSTRIAL 


INSTRUMENTS 
LOS ANGELES 22, CALIFORNIA 








SUPERIOR 


GAS METERS 





GAS METERS 


STURDY FLAG ROD 


FRICTION 
ELIMINATING 
STUFFING BOX 


STRONG, FULL 
SPAN FLAG 


CORROSION-RESISTANT 
METAL DISC 


DURABLE TOBIN 
BRONZE LINKS 


LONG LASTING, 
BRONZE BUSHINGS 


HEAVY DUTY LONG 
WEARING TANGENT 


PRECISE, LONG 
WEARING NOISE- 
4 LESS VALVES 


HEAVY GAUGE 
TINNED STEEL 
TABLE 


WIDE, UNOBSTRUCTED 
CHANNELS 


SPOT WELDED 
DIAPHRAGM RINGS 


HIGH QUALITY, 
SEASONED 
DIAPHRAGMS 


STURDY, TINNED STEEL 
PARTITION 


Superior manufactures a complete line of Tinned-Steel case 
gas meters from 80 to 7500 cfh. designed to enable meter 
supervisors to meet the specific requirements of their area. 
Widely-used, slow-operating diaphragm Type B meters... 
higher capacity Type A meters . . . heavy duty, large capacity 
Type C meters, and open-top Type T meters for clean gas 
conditions. All are designed and manufactured for depend- 
able sustained accuracy, easier repairs and lower main- 


tenance costs. 





CLOSED TOP CONSTRUCTION: 
Tinned steelplate mounting 
stand protects valves and 
working parts from gums, 
dirt and other foreign mat- 
ter commonly found in cer- 


} tain gas conditions. 





OPEN TOP CONSTRUCTION: 
Excellent for clean gas con- 
ditions. Valves and moving 
parts immediately accessible 
under casing cover. Permits 
easier maintenance, faster 


B servicing, quicker “0.K.’s.” 











Write today for Bulletin 1100-H. 


SUPERIOR METER COMPANY, INC. 
A SUBSIDIARY OF NEPTUNE. METER COMPANY 

19 West 50th St., New York 20, N. Y. 

Factory: 167— 41st Street, Brooklyn 32, N. Y. 





BRANCH OFFICES 


Atlanta 18, Ga. 


200 Permalume Placs, N.W. 

250 Stuart St. 

4048 W. Taylor St. 

315 Cole St. 

1700—15th St. 

Los Angeles 22, Cal., 5540 E. Harbor Sr. 


Louisville 2, Ky......815 W. Market St. 
No. Kansas City 16, Mo., 25 W. 15th St. 
Portland 9, Ore., 1238 N.W. Glisan St. 
San Francisco (Area) 
101 Rollins Rd., Millbrae, Cal. 
Philadelphia 2, Pa., 1420-26 S. Penn Sq. 
Philadelphia Meter Co. 


NEPTUNE METERS, LTD. Main Office and Factory: 1430 LAKE- 
SHORE ROAD, TORONTO 14, ONTARIO. Offices: Calgary, Halifax, 
Montreal, St. Johns, Vancouver, Winnipeg. 
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GAS FLOW COMPUTERS 


DIAMETER 
c bo 4 
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9 
J 
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JOURNAL Baym rors Pe, “JOURNAL — * “Km 


-eoom 
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GAS FLOW COMPUTER — aS” GAS FLOW COMPUTER Pea 
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/ 
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300 - ~s000m 
American Gas Journal, Inc. : Em American Gas Journal, Inc. _ ~6,000m 


aaa Ss *2000M 
K ¥ c M 
NEW YORK ° >, NEW YOR ~a0oee 
oY 10,.000M 


For LOW Pressures For HIGH Pressures 


Cubic feet of gas per hour 10 to 500M Cubic feet of gas per hour 100 to 1OMM 

Pipe diameters ¥%,” to 48” Pipe diameters %,” to 30” 

Seasiaiin tei Backend 01 te 10 Difference in absolute pressure to 500 psi. 
Sum of absolute pressures 20 to 2,000 psi 

Specific gravities 1.5 to .35 ; > 

Specific gravities 1.5 to .35 


Pipe length (feet) 100 to 5,000 
Pipe length (feet) 30 to 30,000 Pipe length (miles) 1 to 250 


Constants 1400 to 1000 


The computers are printed on heavy durable plastic, enclosed 
in Fabrikoid cases with complete instructions for their use. 


PRICE: $5.00 EACH 


PUBLISHED, COPYRIGHTED AND SOLD ONLY BY 
c 


avec 1S Journal 


800 DAVIS BUILDING—DALLAS 2, TEXAS 


GAS HANDBOOK ISSUE 








IF YOU CUT LARGE DIAMETER PIPE... 


YOU NEED THESE | 
Hew REED jf wrce, PIPE CUTTERS 4 Favor for 


Four sizes cover the range from 212" to 12” A 7 @ d 
| ven 


Four wheel design | 
requires minimum | 
pletely new cutters are so aya) swing of handle— | 
efficient they often “pay y less digging in 

ditch work, easier 
, “tight-corner” cuts. 


} Closed frame per- | | sonal copy of American Gas 
y mits light weight 
ore the first eo “py ith complete rigidity | | Handbook, tear out and send 
tical tools for cutting r, ’ ~S for better cutting. 


Users tell us these com- 
If you know of an associate 


who may wish to have a per- 


for themselves” through 
the savings in crew time 


on a half-dozen cuts. They 


off steel or cast iron A-point guide aligns the | | Him the Postpaid Order Form 


pipe in sizes from 214” : cutter on the pipe... 

to 12”. Yeo cam, eu ; assures perfect tracking 
: \ & and a right angle cut. . , 

ample, cyt8” steel pipe | Handbook. He will appreciate 

Reed Razor Blade 

Z wheels track perfectly, j j j 

than five minutes. XN homey =cut easily and roll down _— calling this to his 

: burr on steel pipe. 


inside the front cover of this 


completgly off in less 


attention! 


Unconditionally guaranteed to be the most efficient cutter you have 
ever used. Ask your jobber or write for literature. i) Edi 
it MANUFACTURING COMPANY e tors 


ERIE, PENNSYLVANIA w. $. 














2” to 24” 
BORES - Up 
te 250’ long. 


Couplings, Sleeves 
and Fittings . . . 


e Save Time 
e Handle Easily 


e Give Dependable 


Service 


Because They Offer... 


@ Maximum Deflection 


e Ease of Stabbing” 


7 NNN e Complete Confinement 
f \\UNDER FREEWAYS of Rubber 


}\ 


N OT wore PAVEMENT 


Today, write for your free copy of this NORMAC / 4" 
AVOIDS EXCESSIVE TRENCHI WG catalog ... complete with illustrations and 
Hydrauger bored holes for pipe installation specifications on the entire Normac line of 
pt ariably seduce costs 80% to 90% by elim- Couplings, Sleeves and Fittings. It’s a profi- 


inating trenching and back-filling to say table step in the cost-cutting direction. 
nothing of man-hour labor savings and 


a safety to highway trafic WORTON-McMURRAY MFG. CO. 
[94 oe HYDRAUGER CORP. Ltd. 122 South Michigan Ave., Chicago 3 


, ‘ ; 681 Market Street a oe 

4 ; Couplings © Meter Bars e Sleeves Sf 

* A F i , Calif i 
fom ttt ed Se Cecks © Bell Joint Clamps ¢« Service Tees and Ells 
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The best gas odorant —The best odorant service 


Calodorant “C” 
The best quality cyclic sulfide 
Alert “80” 


The best economy-priced, quality mercaptan 


Calodorant “C” is the only natural gas odorant in use 
that is completely volatile under the most extreme 
high pressure or low temperature operating conditions. 
Performs equally well at medium and low pressures. 


Alert “80” has been thoroughly proved in all types of 
distribution systems under today’s more demanding 
operating conditions. Gives better, full range volatility 
and stronger initial “punch” and has met every test 
by large and small utilities. 


OGRONITE 
CHEMICAL 


COMPANY 
= 


GAS HANDBOOK ISSUE 


Have a unique odorization problem? 


Oronite, a pioneer in the field of gas odorants, has 
odorant specialists and research facilities to thoroughly 
analyze any odorant problem. Chances are we already 
have done the research and have the answer to your 
problem. 


Want to simplify “room-testing” procedures? 


Ask for an Odorometer demonstration on your system. 
Simplest way ever developed to test odor intensities. 


ORONITE CHEMICAL COMPANY 


200 Bush St., San Francisco 20, Calif. + 714 W. Olympic Bivd., Los Angeles 15, Calif. 
30 Rockefeller Plaza, New York 20,N.Y. » 20 North Wacker Drive, Chicago 6, Ill. 
Mercantile Securities Building, Dallas 1, Texas » Carew Tower, Cincinnati 2, Ohio 


139 

















cross Sectional 
iz View of the 
REYNOLDS PRODUCTS NRW 600ED 
: 1%” to 3” Flange 
High Pressure Service House Regulators Pp ; aos P, nay 
Straight Lever Type—Models 10-20 Series : Connections 
Toggle Lever Type—Model 30 Series. : 7 Wing Valves 7 
Low Pressure Service or Appliance Regulators ; C ve of “O 
: ing of Leather 
Intermediate Pressure Regulators ‘ 7 Seats 
District Station Regulators, Double Valve 
Auxiliary Bowl & Automatic Loading Device Optional 
High Pressure Line Regulators 
Toggle Type Regulators 
Single Valve, Double Valve 
Gas Engine Regulators 
Seals: Dead Weight or Mercury 
Relief Valves: High or Low Pressure 
Back Pressure Valves 
Automatic Shut-Off Valves 
Automatic Quick-Closing Anti-Vacuum Valves 
Lever Operated Valves 
Louver Operated Device 
Atmospheric Regulators 
Vacuum Regulators 





REYNOLDS GAS REGULATOR CO., Anderson Indiana, U. S. A. 


Representatives: H. D. “‘Mike”’ Meuffels Seidenglanz & Co. 
421 Dwight Building 2nd Unit, Santa Fe Bldg 
Kansas City, Missouri Dallas, Texas 


Eastern Appliance Co Waldo S. Hull 
281 Vassar Street 258 Lee Circle 
Cambridge, Mass. Bryn Mawr, Pa. 











IRON SPONGE 


for high efficiency 
gas purification 
at high pressures 


provides two features 

— no time lag 

— low cost 

Iron Sponge is your key to sulfur-free gas 

at minimum processing cost. Iron Sponge 

has high efficiency at low pressures the BTU CONTROL, is a recent 
or at today’s high presures and high addition to the caloroptic line! 
temperatures. It absorbs more H,S, gives Designed to provide modulated 
long service between foulings, and is easily 


control for your motorized 
regenerated. Investigate it for your 


valve by varying the BTU up 


purification problem today! 





and down... thus maintaining 


the proper standard. 


CONNNELLY, Jc. 


Elizabeth, N. J. © Los Angeles, Calif. 
3154 South California Ave., Chicago 8, Ill. 


3154 5S. California Ave., Chicago 8, Illinois 
Elizabeth,N. J. © Los Angeles, California 
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Sales Considerations 

Marketing Research, Bibliography on 
Bureau of Statistics and Library, 
1954 (GM). 

Comparative Total Costs of Gas and 
Electricity for Cooking and Water 
Heating in Residences, 1955 (GM). 

Gas Fryers Have Got It (I&CS). 

Gas Has Got It for Baking Too (I&CS). 

Holding and Increasing Our Loads 
(I&CS). 

Presale Analysis of Industrial Gas Ap- 
plications (I&CS). 

Industrial Gas Protective Practices 
(I&CS). 

Modern Trends of Industrial Fur- 
naces (I&CS). 

Dual Fuel Combustion Equipment 
(1&CS). 


Underground Gas Storage 


Distribution of Gas from Storage to 
Market, GSTS-55-11 (OS). 

Measurement as It Relates to Under- 
ground Storage, GSTS-55-15 (OS). 

Advantages of Underground Storage in 
the Operation of a Gas Utility (OS). 

Gas Storage, New Service Benefits 
Distributing Companies, CEP-55- 
20 (OS). 

Underground Gas Storage, Supple- 
ment to Bibliography, GSTS-55-21 
(OS). 

Underground Storage and Its Relation 
to Gas Dispatching, Input to Stor- 
age, GSTS-55-17 (OS). 

Underground Storage of Gas in the 
United States, December 31, 1954 
(OS). 

Financial Aspects of Underground 
Storage, GSTS-55-12 (OS). 

Summary of Storage Statistics, GSTS- 
55-2 (OS). 


Miscellaneous 

Gas and the Atom Blast (GMS). 

Microwave, a User’s Evaluation, 
GSTS-55-10 (OS). 

Gas Conditioning, Bibliography, CEP- 
55-1 (OS). 

Gas Requirements and Supplies of the 
Gas Utility and Pipe Line Industry, 
1955 (GM). 

Oxygen Manufacture, Current Status 
of, CEP-55-21 (OS). 

Wire Rope for Utility Work, DMC-55- 
17 (OS). 

Plastic Tape Coatings, DMC-55-12 
(OS). 

Ferrous Pipe Corrosion, Causes of, 
DMC-55-6 (OS). 

Anodes, Surface Methods of Attach- 
ing to Pipe Lines, DMC-55-20 (OS). 
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STOPS 
Tamper Proof 
and 
Standard Patterns 


STOPS 
Flat Head— 
Flat Head with Lockwing 


STOPS 
Full Range of Sizes 


STOPS 
Quality Assured . . . 
By Precision Machining— 
Individual Testing— 
Rigid Inspection 


Quality Proven... 


By Supplying the Gas Industry 


for Over 80 Years 


-Service Line 
-Meter 
-Appliances 


STOPS 
lron Body with Brass Plug 
Black or Galvanized 
Also All Brass Stops 


STANDARD 
PACKAGING 


! i 


for Easy Handling, 
Space Saving Storage... 
Another HAYS First 


GAS SERVICE PRODUCTS 


HAYS MANUFACTURING CO, 


ERIE, PA. 











GAS INDUSTRY 
MEETINGS 1956 


® cc Jan. 19—New England Gas Association, 
operating division, Hotel Statler, Boston, 
Massachusetts. 


Jan. 20—Southern Gas Association em. 
ployee relations conference, Shamrock Hotel, 
Houston, Texas. 


Spectl yen. 





Jan. 26-27—Fifth Annual Instrument Short 
Course, sponsored by Southern California 
Meter Association and Los Angeles Harbor 
Junior College, Los Angeles Harbor Junior 
College, Wilmington, California. 





The time-tested 
coal tar coating 
in tape form 
... ow made with 
Xtra coating to give you 
these Xtra advantages 


Jan. 27—Southern Gas Association acci- 
dent prevention conference, Jung Hotel, New 
Orleans, Lovisiana. 


Feb. 15-17—National Association of Cor- 
rosion Engineers, Corrosion short course 
for Pipeliners, Mayo Hotel, Tulsa, Oklahoma. 


March 12-16—National Association of 
Corrosion Engineers, annual, Statler 
Hotel, New York, New York. 


March 19-21—Mid-West Gas Association, 
Hotel Fontenelle, Omaha, Nebraska. 


March 22-23—New England Gas Associa- 
tion, annual meeting, Statler Hotel, Boston, 
Massachusetts. 


TAPECOAT-X comes in widths of 2”, 3%, 4” and 6”. It 


is easy to apply and bonds readily to the surface with April 4- American Gas Association, 


the flash of a torch. Wrapping is done spirally with only 


¥%” overlap. 


XTRA COAL TAR! Provides additional thickness of the same 
high quality coal tar that has distinguished TAPECOAT 
since 1941. 


XTRA COVERAGE! Added coal tar thickness permits single 
wrap for same effective protection as present double- 
wrap method. 


XTRA SAVINGS IN TIME AND LABOR! Faster application 
means lower labor cost. 


XTRA SAVINGS IN MATERIAL! Single-wrapping with TAPE- 
COAT-X requires less material, lowers cost. 

XTRA CONVENIENCE! New type, self-disposing liner facili- 
tates unrolling, speeds application, never gets in your 
way. 


XTRA ECONOMY! TapPEcoatT-x goes farther, gives you more 
value for your protection dollar. 


Write today for the complete facts on this timely de- 
velopment for protecting pipe, pipe joints, mechanical 
couplings, tanks and other steel surfaces vulnerable to 
corrosion, above and below ground. 


The TAPECOAT Company 


ORIGINATORS OF COAL TAR COATING IN TAPE FORM 


1529 Lyons Street, Evanston, Illinois 


AMERICAN 


General Management Section, spring confer- 
ence, Conrad Hilton Hotel, Chicago, Illinois. 


April 11-13—Natural Gasoline Associa- 
tion of America, annual, Texas Hotel, Fort 
Worth, Texas. 


April 19-21—Indiana Gas Association, 
French Lick Springs Hotel, French Lick, 
Indiana. 


April 23-25—Southern Gas Association 
convention, annual, Statler Hilton Hotel, Dal- 
las, Texas. 


May 6-9—Liquefied Petroleum Gas Asso- 
ciation, convention and show, Conrad Hil- 
ton Hotel, Chicago, Illinois. 


May 10-11—American Gas Association 
gas supply, transmission and storage confer- 
ence, Conrad Hilton Hotel, Chicago, Illinois. 


May 14-16—American Petroleum Insti- 
tute, Pipe line conference, Shamrock Hotel, 
Houston, Texas. 


May 22-24—Pennsylvania Gas Associa- 
tion, Pocono Manor Inn, Pocono Manor, 
Pennsylvania. 


May 24-25—Natural Gas and Petroleum 
Association of Canada, Shearton Brock 
Hotel, Niagara Falls, Ontario, Canada. 


June 26-29—Canadian Gas Association, 
Manoir Richelieu, Murray Bay, Quebec, 
Canada. 


Sept. 11-13—Pacific Coast Gas Associa- 
tion, annual meeting, Coronado, California. 
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what was good 
for grandfather... 


oor” 


isn’t GOOD FOR GAS 


Ordinary single-wall pipe well served the 


potbelly stove age, but today’s gas-fired heating 
appliances completely outdate such venting 
methods. Or so you might think... until you 
counted the number of old-fashioned, single-wall 
vent installations currently in practice. 


New RV METALBESTOS double-wall vent 
pipe represents the latest advance in safe, 
scientifically correct gas venting. RV is good for 
gas—as up to date as the finest gas appliance. 


METALBESTIS .. 


Stocked by principal jobbers in major cities. Factory warehouses 
in Atlanta, Dallas, Philadelphia, Des Moines, Chicago, New Orleans 
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Stop Corrosion! 


WITH 74fatco CATHODIC PROTECTION SYSTEMS 


Industry’s No. 1 Enemy can be stopped by HARCO 


Now there is a “police force” ready to help you in 
stopping thief corrosion. Harco engineers are 
defeating the ravages of electrolytic corrosion of 
underground and underwater piping. 


HARCO JOB-ENGINEERED SYSTEMS provide necessary 
testing, drawings, materials, installation 
and maintenance. 


HARCO INSTALLATION CONTRACTING is completed to 
customers specifications and covers as much of total 
job as required. HARCO will assist in evaluation 

and solution of your particular problems. 


Stop the thief Corrosion Now! 
Specify HARCO . . . FIRST IN THE 
FIELD OF CATHODIC PROTECTION 
Write today for catalog or call 
MOntrose 2-2080 


Natural Gas Pumping Station Utilizes Harco-Engineered Cathodic 
Protective System to Eliminate Corrosion in Underground Lines 


THE 


CORPORATION Coo my 
PUD insion 
16909 Broadway ®e Cleveland, Ohio 6108-14 


Cleveland « New York * Chicago ¢ Philadelphia © Detroit * St. Louis « 
Louisville ¢ Minneapolis * Oklahoma City * Los Angeles ¢ Seattle * Houston 
je Atlanta ¢ Lynchburg ¢« Pittsburgh « Albany * Davenport * Toronto, Canada 
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Chigelin-Tollon 
PRESSURE REGULATORS 


complete line for every requirement 


MODEL 44 
Weight and Lever Loaded 


For general pressure reduction service. Sizes 2”’-12” 
standard, 16-24” special. Flanged body assemblies in 
cast iron for 100 Ib. or 600 Ib. W.P.—cast steel for 
1200 Ib. W. P. Controlled Pressure Range—ounces to 
200 Ibs. All flanged construction—lubricated stuffing 
boxes—removable orifices—balanced valve assemblies 
interchangeable—hard seat, soft seat or reduced size— 
all center guided. 

" =-—-—MODEL 445 
Spring Loaded 


A dependable, accurate regulator for distribution serv- 
ice, large industrial or commercial applications, boilers, 
industrial furnaces, dehydrators, etc. Sizes 2’’-6”, flanged 
F&D 125 lb. body assembly for 100 lb. W. P. Con- 
trolled Pressure Range—ounces to 50 Ibs. Can be fur- 
nished as zero governor. Removable orifices, soft seat 
balanced valve construction, easily adjustable and re- 
movable. Springs colored for identification. 


—-—-—MODEL 44 PC 
Pilot Loaded 


An accurate efficient pressure loaded regulator for high 
or low pressure service. Town border settings, com- 
pressor fuel lines, transmission measuring stations, 
large industrial installations. Sizes 2’’-12”, flanged for 
100 Ib., 600 Ib., or 1200 Ib. W. P. Controlled Pressure 
Range—ounces to 400 Ibs. All flanged construction. 
MODEL 44 PC—closes on pilot pressure failure. 
MODEL 44 PO—opens on pilot failure. 


DEPENDABLE 
OTHER BALANCED VALVE TYPES 


ar i 
Model 44D Duplex Gas Regulators Model 46 Industrial Furnace ) 
Model 44B Back Pressure Regulators Regulators 
Model 44 Diaphragm Motor Valves SENSITROL Pilot Loading Systems 


a 
6 
SINGLE SEAT REGULATORS Oh. VW (7 
Little Hercules High Pressure H. P. Spring Field Type 149 4, A 7. 


H. P. Field Regulator Type 101 Dead Weight Pressure Regulators 
House Regulators with Cut-off C-F Type 250 Safety Valves MANUFA CTURING COMPANY 


LONG IN OPERATION © LOW IN MAINTENANCE Pittsburgh 25, Pennsylvania 
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VULCAN 


...and be SURE! 


mel ae el mee lol Mulls -1e Melile Mele Ma-tell] (lela Mele Maiti mele 

der “synthetic diaphragms”. Be sure... specify Vulcan! 

Vulcan has produced superior synthetic diaphragms 

for more than 20 years. Equally efficient with manu- 

factured, natural, L.P. gas—or' combinations—they are 

To guarantee Vulcan quality, leak-proof, accurate and durable and have earned the 
every Yiaphragm is critically alte laMe(-te[a-1-Me) Mela) oh(elila-Melaaelee(-to Mile 

tested in the factory. 
Vulcan synthetic diaphragms assure better service, 
lower maintenance costs. Write for your free copy of 


“The Heart of a Gas Meter”. 


VULCAN RUBBER PRODUCTS, INC. 
A Subsidiary of Reeves Bros., Inc. 
54 Worth Street, New York 13, New York 


Specify VULCAN — and be sure! 
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METERS FOR HOME A 


THE SPRAGUE METER COMPANY BRID ) 
DAVENPORT, IOWA © HOUSTON 3, TEXAS © LOS ANGELES | ISCO 11, CALIF. 





